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INTHODUGTION 
Since antiquity u^n has been aware that fungi are capable 
of producing metabolites which cause pathological or bizarre 
physiological responses In warm-blooded animals (30), These 
metabolites have become known generlcally as mycotoxlns. 
There was only limited Interest In the mycotoxlns until the 
discovery of the aflatoxlns In i960 and the subsequent dem­
onstration of their carcinogenic properties. A review of 
the literature In 1966 (5) listed 96 species of fungi which 
cause or possibly cause mycotoxlcoses; of these, however, 
only 19 species were proved to cause natural outbreaks of 
disease. Considerable Information Is now available concern­
ing the microbiological and chemical aspects of numerous 
mycotoxlns (lO, 26, 27). The biological effects of several 
of these toxins have been studied In laboratory animals, but 
there exists only limited knowledge concerning the role of 
mycotoxlns In diseases of domestic animals. There Is a 
definite need for characterization of the disease processes 
produced In livestock by most known toxins and for the study 
of field outbreaks of diseases which could be referable to 
as yet unknown mycotoxlns. 
Several neurological diseases of animals are known or 
suspcctcd to be of rsycotoxlc origin* they Argotism. 
paspalum staggers, leucoencephnlomolacla, ryegrass staggers, 
bermuda grass tremors and polloencephalomalacla (PEM), 
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The cause of PEM remains problematic at the present time. 
Evidence has been presented (l5, 18, 19) that PEM is associ­
ated with an aberration of thiamine metabolism. It has been 
postulated that an antimetabolite of thiamine is formed in 
the rumen and that fungal thlaminases may be involved in this 
process. 
The association of tremorgenic mycotoxins with animal 
disease has been suggested ($0). Pénicillium cycloplum 
Westllng, the principal isolate from a sample of moldy com, 
was found to produce a tremorgenic toxin. Several sheep that 
had consumed this com died and one survivor had impaired re­
sponses to stimuli; however, s causal role in the field con­
dition for the tremorgen produced by P. cycloplum was not 
definitely established. 
During the course of field studies of PEM, samples of 
moldy feeds were collected from Iowa farms on which the dis­
ease had occurred. These samples were examined for the pres­
ence.: of toxigenic fungi. Extracts of one isolât;, P. 
puberulum Gainer, produced tremors and other neurological 
symptoms when administered to laboratory animals. 
Because the culture of P. puberlum was isolated from 
feed associated with PEM and because of the possible associ­
ation of tremorgenic mycotoxins with disease In domestic 
animals an investigation of the toxin produced by this organ­
ism was instituted. 
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The objectives of this Investigation were to: (l) deter­
mine whether neurologlcally active raycotoxlns were present In 
the feed of cattle affected by PEH, (2) study a toxic sub­
stance produced by P. puberulum, Isolated from feed associated 
with PEM, (3) characterize this material and compare It to 
other tremorgenlc raycotoxlns reported from Pénicillium spp., 
and (4) study the neuropathic effects of this toxin In a 
variety of animal species. 
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REVIEW OF THE LITERATURE 
A causal role for mycotoxlns has been established In scxne 
neurological diseases of animals. The classical ergotism, 
produced by the alkaloids of Clavlceps purpurea (Fries) 
Tulasne, Is characterized by gangrene of the extremities 
(13, 25). There Is also an acute form of ergotism In animals 
characterized by hyperexcltablllty, Incoordination, tremors, 
blindness, and convulsions, and by convulsions and hallucina­
tions In man (13, 30)* Several alkaloids and other substances 
produced by this organism are known (29), but exactly which of 
these are responsible for the neurological disease Is not 
known. Lysergic add diethylamide Is suspected to be the cause 
of hallucinations in man (30). 
Paspalum staggers of animals is caused by a toxin of 
Clavlceps paspalum Stevens and Hall and is characterized by 
tremor and ataxia (13). It Is not known which of the com­
pounds produced by this organism is responsible for the dis­
ease. Although the pathologic changes have not been well 
studied there is one report of changes In the central nervous 
system (4o). The lesions were characterized by circulatory 
disturbances and dystrophic changes in neurons and glial 
cells. 
Equine leucoencepViaiomalacla was described in 1937 and 
associated with feeding moldy com but the causative fungus 
was not elucidated (4, 36). The long suépected mycotoxlc 
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etiology of this disease has recently been confirmed (3, 48). 
Polloenoephalomalaola (PEM) Is a neurological disease of 
ruminants characterized by a laminar necrosis of cerebro-
cortlcal grey matter (25)« Edwin and Lewis (18) have recent­
ly reviewed the literature on PEM and summarized the evidence 
which indicates that some aberration of thiamine metabolism 
is Involved in the pathogenesis of the disease. Examination 
of tissues from affected animals revealed decreased levels 
of thiamine. Other known biochemical aberrations of classi­
cal thiamine deficiency such as elevated blood pyruvate, lac­
tate and pyruvate kinase levels and lowered erythrocyte trans-
ketolase - activity have been found. The disease has been re­
produced by feeding amprolium, an analogue of thiamine. 
Treatment of affected animals with large doses of thiamine 
given parenterally is effective If given before widespread 
neuronal damage has occurred. 
It Is believed that PEM is a particular form of thia­
mine deficiency, in which the ruminai supply of thiamine is 
cut off by the action of a thiamlnase. The enzyme cleaves 
the thiamine molecule and a thiamine analogue is formed fros 
the pyrimldlne port1où of thiamine and some other amine nor­
mally present in rumen contents. Thiaminases are known to 
be present in certain raw fish, bracken fern, equisetum, and 
several species of bacteria, and fungi (l8, 19}. 
Metabolic products capable of producing sustained tremors. 
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convulsions and death in animals have been Isolated from sev­
eral fungi. In a program of screening fungus cultures for 
toxlgenlclty, It was found that extracts of a culture of 
Aspergillus flavus Link ex Fries produced tremors In mice 
(49), Isolates of Pencilium cycloplum (50) and P. palitans 
Westllng (9) also were found to produce a tremorgenlc myco-
toxln. Both the latter organisms were the principal con­
taminent s of feed stuffs associated with an outbreak of dis­
ease in farm animals. However, in both cases a causal role 
in the disease outbreak for the toxigenic fungi was not 
established. 
Recently a survey of additional Pénicillium spp. for 
the production of tremorgenlc toxins was reported (11). One 
hundred seventy-seven isolants representing 56 species were 
examined. The following organisms were found to produce a 
tremorgenlc toxin: P. ollvinovlrlde Blourge (l of 4 isolants), 
P. palitans (l of 19 Isolants), P. cycloplum (3 of 21 iso­
lants). P. puberulum (l of 11 Isolants), P. martensi1 
Blourge (1 of 15 isolants) P. crustosum Thorn {15 of 15 iso­
lants), and P. granulatum Balnier (4 of 5 isolants). All of 
these organisms are classified in Section Asymmetrica, Sub­
section Fasiculata of the genus Pénicillium (32)» 
The tremorgenlc toxin from the above Pénicillium spp, 
has been produced on a variety of natural substrates and 
chemical! defined media (24, 46), When the organisms were 
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grown on a liquid media toxin was found only In the mycelial 
mat (9,46)^ Growth at 4 C favored toxin accumulation but a 
higher rate of production occurred with growth at 20 C (23). 
Extraction and purification of tremorgenlc toxins from 
several Pénicillium spp. has been accomplished, Wilson (46) 
purified the tremorgenlc toxin by column chromatography fol­
lowed by preparative thin layer chromatography. He assigned 
the trivial name penltrem A to the tremorgenlc toxin (4?). 
Hou et al. (23) also purified the tremorgen using different 
column chromatographic methods. They isolated 3 distinct 
compounds which they named tremortins A, B, and C. Wilson's 
penltrem A and Hou's tremortln A apparently are identical. 
Hou et al. (23) and Wilson (46) have investigated the 
chemical properties of the purified toxins with essentially 
similar results. Crystalline tremortins were very soluble 
in polar organic solvents, particularly methanol, and some­
what soluble in non-polar hydrocarbons. They had no signif­
icant water solubility. Acid hydrolysis of methanol solutions 
of tremortins yielded a distinct blue color. This property 
was used as the basis for a quantitative assay for tremortins 
A and B (22). On thin layer chromatograms of Silica Gel-GHr 
developed with chloroform-acetone (93:7, v/v) the Hp of 
tremortln A was 0.42 and that of tremortln B was 0.56. Mass 
spectral analysis Indicated an m/e 633^2826 for tremortln A 
and and m/e 583.3304 for tremortln B. Computer determined 
formulas were Cg^H^^NOaCl for tremortln A and for 
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tremortIn B. The structural formulas of these compounds 
have not been elucidated. Insufficient tremortin C has so 
far been purified for analytical studies. 
Mice, rats, chickens, rabbits, guinea pigs, and hamsters 
have been found susceptible to the neurotoxic properties of 
tremortin (46, 5l)» The toxin was effective following either 
oral or intraperitoneal administration. Variable results 
have been reported following intravenous administration to 
mice (46). An intraperitoneal dose of 0.25 mg./kg. to mice 
elicited perceptible tremors lasting for several hours. 
Signs observed with larger doses included general irritabil­
ity, limb weakness, loss of grasping ability, and marked 
tremors. A dose of 2.5 mg./kg. resulted in tremors which 
were often suddenly replaced by clonic or tetanic convuls­
ions. An immediate rigor mortis was present in animals that 
died during a convulsive seizure. Mice that survived appeared 
to have recovered within 4 days. The reported (23) lethal 
dose 50% of tremortin A for mice is 1.05 mg./kg, and for 
tremortin 3 4.13 mg./kg. In this study toxins were dissolved 
in propylene glycol for intraperitoneal injection. 
Hats were usually less violent in their reaction to high 
levels of toxin than mice (46). They were, however, more apt 
to show prolonged impairment of locomotion with coarse trem­
ors, spastic paralysis and circling. Certain animals required 
2 or more weeks for apparent recovery. 
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The signs of tremortln Intoxication in chickens varied 
with the age of the "birds (51 ) • Signs of Intoxication common 
to all ages were dyspnea, ataxia. Impaired righting reflex, 
hypersensitivity to stimulation and general depression. 
Tremors were not observed In day old chicks, but coarse 
tremors were seen in 3-day-old chicks. Tremors were more 
severe In 1-to 2-week-old chicks while the severity of the 
other signs decreased. The authors believed that the age of 
susceptibility of the birds to the tremorgenlc effect of the 
toxin corresponded to the age at which the neural structures, 
proposed as the site of action for tremortln, matured. 
A marked diuretic effect has also been noted in both 
rats and mice (46). Urine samples were collected froîs rats 
during a period of 4.4 hours following oral dosing. In many 
animals there was a diuresis with a marked Increase in the 
total quantities of electrolytes and glucose excreted. Some 
rats, however exhibited severe neurotoxic effects with no 
significant diuresis. Blood glucose levels were elevated in 
those cases where urinary excretion of glucose was elevated. 
The effect of tremortln on brain and liver composition 
of mice has been investigated (21). A dose of 2.5 mg./kg. 
induced initial tremors that were often suddenly replaced by 
clonic or tetanic convulsions that sometimes ended fatally. 
Liver glycogen content was reduced 68^ by 2 hourse Liver 
protein, SNA,DNA, and lipids were increased at 24 hours l4^. 
10 
^5^, snd 178^ respectively. Total brain protein wss 
reduced 38^ by 6 hours and apparently was the only brain 
constituent measured that was affected. 
Pharmacological analysis of the tremor induced by trem-
ortin indicated that the site of action of the toxin is prob­
ably at the level of the spinal cord (3 8), The tremor was 
insensitive to anticholinergic drugs such as atropine but was 
inhibited by glycine, gamma amino-butyric acid, mephenesln 
and diazepam. All of these latter drugs are known to block 
the intemeurons which inhibit the alpha-motor cells of the 
anterior horn. The alpha-motor cells possess a spontaneous 
rhythm very similar to tremor, with respect to frequency, but 
this spontaneous rhythm is normally masked by inhibitory 
mechanisms. Direct injection of tremortin into the globus 
pallidus, caudate nucleus, and nucleus niger^ did not produce 
tremor. Injection of oxotremorine into the globus pallidus 
produces tremor; this tremor is blocked by atropine. 
The effects of tremortin A on the neuromuscular junction 
have also been investigated (4?). Electrophysiological ob­
servations were made vitro on the isolated rat phrenic-
nerve diaphram preparation. The rats were killed approximate­
ly 2 hours after the intraperitoneal administration of toxin. 
There was a prolongation of end-plate potentials and an 
^Presumed to be the substantia nigra. 
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Increase of miniature end-plate potential frequency and mean 
amplitude. The authors concluded that tremortln A may act at 
pre- as well as post-junctional sites and produce an Increase 
In the release of transmitter and an Increased sensitivity 
of the post-junctional membrane. 
Although certain aspects of tremortln Intoxication have 
been rather well studied in laboratory animals the clinical 
pathologic changes associated with this intoxication have not 
been adequately investigated. Also, there are no reports of 
the effect of tremortln on cattle and other domestic animals 
or of the pathologic changes resulting from this intoxication 
in any animal species. 
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MATERIALS AND METHODS 
Peed Samples 
Field Investigations were conducted on 4 Iowa farms dur­
ing the late winter months (February through March) of 1968 
where outbreaks of polloencephalomalacla were occurring. In 
each Instance the diagnosis had been confirmed by histopatho­
logic examination of brains submitted to the Iowa State Uni­
versity Diagnostic Laboratory. 
Sample 1 consisted of com silage collected from 2 sepa­
rate trench silos. There were 5 subsamples: North-sllo top 
(NT), North-sllo center (NC), North-sllo bottom (NB), South-
sllo top (ST), and South-sllo bottom (SB), These subsamples 
were collected and processed separately. The other 3 samples 
designated samples 2, 3, and 4 consisted of high moisture com 
with a moisture content of 27*5%, 25.4^, and 23«6^, respec­
tively,^ In each Instance the sample was taken frran com that 
was visibly mold damaged. The samples were collected on the 
farm as shelled and/or ear com from bins that were being used 
as a source of feed during the disease outbreak. 
^Moisture content determined by Fronlng and Deppe Elevator, 
Ames, Iowa. 
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Screening of Peed Samples for Toxicity 
One hundred fifty Gm. portions of each sample of silage 
were extracted with chloroform, diethyl ether or methanol* 
Each portion of silage was extracted 3 times for 24 hours 
with one of the 3 solvents; these extracts were pooled and 
evaporated to dryness. Two hundred Gm. portions of each com 
sample were ground In a food chopper® and extracted In the 
same manner as the silage. The residues (2 to 3 ml.) of all 
chloroform and dlethylether extracts were suspended In 10 ml. 
of sterile olive oil and the residues of the methanol extracts 
were suspended in 15 ml. of sterile olive oil. 
Mice (CPl^, female, weighing 10-12 Gm.) and ducklings 
(White Pekln, one-day-old) were used to determine the toxicity 
of the extracts. Mice were given a single I.P. Injection of 
0.5 ml. of the oil suspension and ducklings were each given 
1 ml. orally/day for 3 days. Three mice and 3 ducklings were 
used to test an extract. Controls (3 mice and 3 ducklings) 
were given olive oil only. A postmortem examination was made 
at the time of death or when animals were killed at the termi­
nation of the experiment 2 weeks after the administration of 
the extracts. The results of these tests (Table 1) Indicated 
that diethyl ether and methanol extracts were most active. 
®Cllraax Model 1551, Union Mfg. Co, New Britain, Conn. 
^Carworth Farms Inc., Portage, Mich. 
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Isolation of Fungi 
One Gm, portions of each subsaraple of silage and 10 Gm, 
portions of each corn sample were ground in a food chopper 
and added to a dilution bottle containing 99 ml. of sterile 
phosphate buffered saline, 0,15 M, pH 7.4 (PBS). These were 
shaken and serial 10-fold dilutions were prepared. One ml. 
aliquots from the 1 x 10~~, 1 x 10"^, and 1 x 10"^ dilutions 
were spread on 2 plates of each of the following media: 
Christensen*8 malt-salt agar (12), Czapek's agar and potato 
dextrose agar. Plates were incubated at 27 C for 4 weeks. 
Cultures were examined periodically, representative colonies 
of each visible type were selected for isolation and all iso­
lates were maintained on potato dextrose agar. 
Screening of Isolates for Toxicity 
A rice medium for growth of the individual isolates was 
prepared by placing 75 Gm. of polished rice in a 1 L erlen-
meyer flask, adding 30 ml. of distilled water and allowing 
the flask to stand at room temperature for 2 hours for imbibi­
tion of the water. The flasks were stoppered with a cotton-
gauze plug, covered with aluminum foil and autoclaved for 20 
minutes at 120 C and 15 pounds per square inch. Inoculums 
were prepared by washing spores from potato dextrose agar 
15 
cultures of each Isolate with PBS containing polysorbate 
0 80 • One ml, of the spore suspension was added to a flask 
of rice; 2 flasks were inoculated with each isolate. These 
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cultures were grown at 28 C on a gyrotary shaker operated at 
300 r.p.m. for 7 days. One rice culture of each isolate was 
extracted with diethyl ether, the other with methanol. The 
cultures were extracted in a Soxhlet apparatus for 2 hours, 
the solvent was evaporated and the residue was suspended in 
sterile olive oil. The animals and methods of testing the 
extracts for toxicity were the same as those described above 
for testing the field sample extracts. Controls were given 
an olive oil suspension of the residue from ether and methanol 
extracts of uninoculated rice; 3 mice and 3 ducklings were 
given each extract. 
Isolation of the Toxin Produced by P, puberulum 
The isolate of P. puberulum obtained from the silage 
sample was selected for further study because diethyl ether 
extracts of this isolate produced a neurological disorder In 
both mice and ducklings. Preliminary studies indicated that 
toxin production was enhanced by static growth on a liquid 
S 
Tween 80, Nutritional Biochemicals Corp., Cleveland, Ohio. 
"Nev: Brunswick Gyrotary Incubator Shaker, New Brunswick 
Scientific Co., New Brunswick, N. J. 
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medium and that the toxin was found primarily In the mycelial 
mat. 
To produce large quantities of mycelium, 2 L, Povltsky 
bottles, each containing 400 ml, of Czapek's broth with 2% 
com steep liquor®, were Inoculated with a spore suspension 
prepared by washing malt yeast extract cultures of P. 
puberulum with PBS containing 1% polysorbate 80, Eighty 
bottles were prepared and Inoculated with 2 ml, of spore 
suspension per bottle. After 2 weeks growth at 27 C the 
mycelial mats were harvested by filtration through a wire 
screen, air dried and ground to powder In a blender.^ The 
dried ground mycelium was stored In screw-capped jars In a 
desiccator at room temperature. 
The dried mycelium was extracted with diethyl ether In 
a Soxhlet apparatus for 72 hours and the ether extract was 
evaporated to dryness. The residue was dissolved In a mini­
mal volume of choroform and 25 volumes of petroleum ether 
(B,P, 30-60 C) were added. This was placed at 4 C overnight; 
the precipitate which formed was collected on a membrane fil­
ter^ of 0,45 ^  pore size. This crude precipitated toxin (CPT) 
was washed with petroleum ether, dried and stored at 4 C In a 
tr 
®Graln Processing Corp,, Muscatine, la, 
h 
Waring Blender, Waring Products Corp,, winsted, conn, 
^MF-Mllllpore filter, Mllllpore Corp,, Bedford, Mass, 
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screw capped jar (Diagram 1). 
Purification of the tremorgenlc toxin was accomplished 
with column chromatography using a series of 3 columns. A 
30 X 2.5 cm. florlsll column (100-200 mesh) was equilibrated 
In 50^ diethyl ether - 50^ petroleum ether. Before preparing 
the column the florlsll was heated at 120 C for 30 minutes 
and placed in a desiccator until cool. Since OPT was poorly 
soluble in the solvent system used to equilibrate the column 
500 mg. of CPT was dissolved in acetone and 3 Gm. of florlsll 
was added to this solution. The acetone was driven off by 
heating at 60 C, The florlsll with adhered CPT was then added 
to the column. Elution of the column was accomplished by col­
lecting: (a) 1 200 ml, fraction of 50^ diethyl ether - $0^ 
petroleum ether; (b) 3 300 ml, fractions of 75^ diethyl ether 
- 25^ petroleum ether; and (c) 1 200 ml. fraction of 97# 
chloroform - 3# methanol. The fractions were evaporated to 
dryness on a flash evaporator (Diagram 2), 
The toxin containing fraction from the florlsll column 
was dissolved in acetone; 1 Gm. of silica gel for dry column 
chromatography' was added to the solution. The acetone was 
evaporated and the silica gel with adherent toxin was added 
to 60 X 1 cm. column of silica gel. Elution of this column 
was accomplished with 97# benzene - 3# acetone until 20 ml. 
^Silica Gel Woelm for Drycolumn chromatography, M. Woelm, 
Eschwege, German. 
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Dried Chopped Mycelium 
24 hour soxhelet extraction with diethyl ether 
Mycelium discarded 
Sther evaporated 
Residue dissolved In chloroform 
25 volumes of petroleum ether added, 
placed at 4 C for 18 hours 
Filter 
Filtrate discarded 
Precipitate washed with 
petroleum ether and dried: 
Crude precipitated toxin(CPT) 
Diagram 1. Preparation of Crude Precipitated Toxin 
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CPT applied to a florisll column (35 x 2.5 cm., 
100 - 200 mesh florisil, in diethyl ether [p^ : 
Petroleum ether [P^ = 50:50) 
1) 200 ml. DS : PE = 50:50 
2) 200 ml. DE : PE = 75:25 
Cvaoorate to residue 
Residue applied to silica gel column 
(60 X 1 cm., silica gel for dry column 
chromatography) Develope with 
benzene : acetone = 97:3 
1) 20 ml* eluate taken off 
Discard 
Discard 
•2) Stop, cut off top 15 cm. of column, elute 
silica gel with methanol 
SvaDorate to residue 
Residue applied to a silica gel column 
(90 X 1 cm., silica gel for dry column 
chromatopcraohy) Develoce with 
DE:PS - 75:25 
1) 25 ml. eluate Discard 
2) 25 ml, eluate, contains treraortins A and B 
Diagram 2. Preparation of Purified Tremortins by Column 
Chromatography of Crude Precipitated Toxin (CPT) 
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of eluate were collected. The elution was stopped and the 
column was cut 15 cm, below the origin. The silica gel from 
the top 15 cm, of the column was eluted with methanol and 
the methanol was evaporated to dryness in a flash evaporator. 
This residue was dissolved in a minimal volume of 75^ diethyl 
ether - 2^% petroleum ether and applied to a 90 x 1 cm, col­
umn of silica gel for dry column chromatography. Elution of 
the column was accomplished with the same solvent snd 6 con­
secutive 25 ml. fractions were collected. 
Column fractions were tested for the presence of the 
treraorgenic toxin first by mouse inoculation and later by 
thin layer chromatographic (TLC) comparison with tremortin 
A which had been isolated independently by other investiga­
tors. When column fractions were monitored by TLC, silica 
gel^ plates were developed in a mixture of 93^ chloroform 
and 7% acetone. Only redistilled chloroform was used for TLC 
procedures. Plates were developed in an unlined tank until 
the solvent front moved 15 cm. above the origin. The various 
components were visualized by spraying the TLC plate with a 
4^ sulfuric acid - 20^ ammonium sulfate aqueous solution or 
with 1% FeCl^ in n-butanol and heating the plate In an oven 
at 100 C for 15 minutes. 
^Polygram Sil-N-KR, Brinkmann Instruments Inc., Westbury, 
N, Y. 
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Characterization of the Purified Tremorgenic Toxin 
The toxic manifestations and chromatographic characteris­
tics of CP? and the purified tremorgenic toxin obtained by 
column fractionation appeared to be the same as a tremorgenic 
toxin, tremortin A, which had been isolated independently by 
other investigators from P. cyclopium (50) and P. palitans 
(9). 
Both CPT and purified tremorgenic toxin were compared 
with samples of ergosterol, viridicatln and tremortin A sup­
plied by another laboratory,^ These purified compounds were 
employed as Internal and external standards in the TLC system 
described above. Visualization of the components was accom­
plished by spraying plates with 1% FeCl^ In n-butanol. 
To further substantiate the identity of tremortin A and 
the tremorgenic toxin Isolated, samples of the toxin produced 
and purified at the NADL were submitted for analysis employing 
infrared spectroscopy, mass spectroscopy and nuclear magnetic 
resonance spectum.^ The results of these procedures were 
compared to the published data of other investigators. 
1 
Kindly Supplied by Dr. A, Ciegler, NRHL, Peoria. 111. 
^Analyses kindly performed by Dr. R. P. Keeler, Poisonous 
Plant Research Laboratory, Logan, Utah. 
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Environmental Conditions and Toxin 
Production by P. puberulum 
On the basis of preliminary Investigations, certain com­
parisons were made of the effects of various environmental 
conditions on growth and toxin production by P, puberulum. 
Czapek's broth with Z% com steep liquor added was compared 
to Sabouraud's dextrose broth. Inoculum, for this and the 
subsequent studies, was prepared by washing 7-day-old cultures 
grown on slants of malt yeast extract agar with PBS contain­
ing polysorbate 80, The resulting spore suspension was 
diluted so as to read ^0% transmission in a spectrophoto­
meter" set at 400 lyi wave length and using the diluting fluid 
as a blank. 
Nine 250 ml. erlenmeyer flasks each containing 60 ml. of 
Czapek*s broth with 2^ com steep liquor and 9 flasks each 
containing 60 ml. of Sabouraud's dextrose broth were stoppered 
with cotton plugs and autoclaved for 15 minutes at 120 C and 
15 pounds per square Inch. Each flask was Inoculated with 0.1 
ml. of the Inoculum described above and all flasks were In­
cubated at 25 C without agitation. Three flasks of each type 
of media were taken for harvest of the mycelial mat at 1, 2, 
and 4 weeks after Inoculation, 
^and L Spectronlc 20 Colorimeter, Bausch and Lcwib Inc., 
Rochester, N, Y. 
23 
To compare the effect of varying the CO2 tension of the 
atmosphere on growth and toxin production 36 flasks were pre­
pared with Czapek's broth with 2% com steep liquor and in­
oculated as described above. Nine flasks were Incubated in 
normal atmosphere. The other 27 were placed in desiccators, 
3 flasks per desiccator, and CO^ tension was adjusted to 10^, 
20#\ or All flasks were incubated at 25 C and the myceli­
um from 3 flasks from each treatment was harvested at 1, 2, 
and 4 weeks after Inoculation. At the end of each week dur­
ing the experiment the remaining desiccators were opened for 
10 minutes to allow exchange of the atmosphere. They were 
resealed and the CO^ tension was readjusted to the appropriate 
level. 
The effect on growth and toxin production of incubation 
at lowered temperature was determined by preparing 15 flasks 
with Czapek's broth containing 2% corn steep liquor and in­
oculating them as described above. All flasks were Incubated 
at 25 C for 2 weeks. At this time 3 flasks were taken for 
harvest of the mycelium, 6 were left at 25 C and 6 were 
placed at 4 C for further Incubation. The mycelial mat from 
3 flasks at each temperature was harvested after an additional 
incubation of 1 and 2 weeks. 
The mycelial mat from each flask was quantitated by col­
lecting iz on a pre-weighed 3,5 cm. diameter No. 42 Whatmann 
filter paper In a Buchner funnel. The filter paper and 
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mycelial mat were transferred to a plastic petri dish. These 
were allowed to dry at room temperature until the same weight 
was obtained on 2 separate weighings on successive days. 
The dried mycelial mats and filter paper from each group 
of 3 flasks receiving the same treatment were combined, 
cut into small pieces with a scissors and extracted with 
diethyl ether in a soxhelet apparatus for 24 hours. The ether 
was evaporated and the weight of the extract residue was de­
termined. 
The tremortin content of the residue was determined by a 
modification of a recently described colorimetric determina­
tion (22). One tenth of each residue was dissolved in 10 ml, 
of methanol, a 2.5 ml. aliquot was pipetted into each of 3 
test tubes and 0.15 ml. of concentrated sulfuric acid was 
added to each test tube. A glass ball was placed over the 
end of each tube and the tubes were placed in s 70 C water 
bath for 15 minutes. After cooling in an ice bath the con­
tents of each tube was transferred to a 5 ml. volumetric flask, 
the volume was adjusted to 5 ml. with methanol and the solution 
was returned to the original test tube. The optical density of 
these solutions was determined in a spectrophotometer at a wave 
length of 630 m^. The blank consisted of methanol and sulfuric 
acid treated as the unknowns. A standard curve was prepared 
using weighed quantities of purified tremortin A. In addi­
tion, the tremorgenic potential of selected extracts was 
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assessed by administering them to mice. 
Effect of the Toxin on Animals 
Three different preparations were used to study the ef­
fects of the toxin on animals. Dried ground mycelium was 
given to calves to study the clinical effects and follow 
changes in blood chemistry produced by the intoxication. 
Crude precipitated toxin (OPT) and purified tremortin A were 
used in studies of the toxic effects and pharmacological 
characterization of the toxin in laboratory animals. 
Four species of animals, calves, mice, rats and rabbits, 
were used in this investigation. Male Jersey calves were pur­
chased from one Iowa farm. They weighed between ^3 and 69 kg. 
and were weaned. Mice were CFl males and females weighing 
between l8 and 20 Gm, Females were used in all studies in­
volving mice except where sex differences in susceptibility 
to the toxin were investigated. Rats used in this study were 
females weighing between 150 and 175 Gm.° Male New Zealand 
white rabbits weighing between 2.5 and 3.0 kg. were obtained 
from the NADL colony. 
The route of administration of toxin preparations varied 
with the different animal species. Calves were given weighed 
quantities of dried ground mycelium of P. puberulum suspended 
ARS/Sprague-Dawley, Madison, Wise. 
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In water containing 2% polysorbate 80 via a stomach tube. 
Mice were given either CPT or purified tremortln A I.P. Rats 
were given purified tremortln A I,P. Rabbits were given CPT 
I.P. for neuropathologlcal studies and purified tremortln A 
I.V. for electroencephalography. 
All calves were prepared with indwelling venous catheters 
as previously described (17)« Calves were anesthetized with 
halothane.^ Using aseptic surgical techniques the right 
femoral vein was exposed in the mldrfemoral region, A vinyl 
catheter^ (1.4? mm, l.d., 2,03 mm, o.d.) was Inserted into 
the femoral vein and passed into the posterior vena cava to 
approximately the level of the renal veins. The terminal end 
of the catheter was passed subcutaneously through the flank 
region and exteriorized near the dorsal mid-line. It was 
capped and anchored to the skin of the lumbar area. The cath­
eters were kept filled with 0.85^ saline solution containing 
1000 units of heparin/ml, and flushed periodically with 0,85^ 
saline solution. Penicillin and streptomycin were administered 
on the day of ano on the dny following surgery. Experiments 
were started 4 to 7 days following surgery. 
Three experiments were performed with calves as the 
^Fluothane, Ayerst Laboratories Inc., New York, N, Y, 
n 
Tlnyl IV (medical grade), Becton Dickinson & Co., 
Rutherford, N. J, 
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experimental animal. Calves were given dried ground 
mycelium orally. 
Calf Experiment 1_, Two calves (Numbers 55 and 56) were 
used to assess the susceptibility of calves to the toxin. The 
mycelium was given on the basis of Gm./kg. of body weight on 
the schedule shown In table 1, for the first 4 days. Calf 
55 died on day 5; calf 56 did not die, and was given addi­
tional doses of 3.2 and 2.9 Gm./kg. of body weight on days 
7 and 8 respectively. 
Calf Experiment Four calves (Numbers 2, 3, and 5) 
were used to study changes in blood chemistry resulting from 
the Intoxication and to study recovery from Intoxication. 
The mycelium was given on the basis of Gm./kg, of body weight 
on the schedule shown in table 2. 
Calf Experiment 3,* Two calves (Numbers 6 and 7) were 
given a single dose of 7.4 Gm. of mycelium/kg. of body weight 
to study acute intoxication. This dose equalled the total 
amount given as divided doses during the first 3 days of 
Experiment 2. 
Heparinized blood samples were taken for analysis of 
various plasma constituents. Samples were taken on consecut­
ive days before treatment from each calf to establish normal 
values; 2 pretreatment samples were collected in Calf 
Experiment 1, 4 in Calf Experiment 2, and 3 in Calf Experi­
ment 3, After toxin administration, samples were collected 
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TABLE 1 Schedule of Dosing Calves in Calf Experiment 1 
with Dried Ground Mycelium of P. puberulum* 
Day 
Hours After 
First Dose 
Gm. of Mycelium/kg. of 
Body Weight 
0 
4 
0.44 
0.73 
24 
26 
31 
0.73 
0.73 
0.73 
48 
50 
52 
1.45 
1.10 
1.80 
72 
74 
1.80 
2.90 
•Mycelium was suspended in water containing 2% polysorbate 
80 and given via stomach tube. 
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TAcLS 2 Schedule of Dosing Calves In Calf Experiment 2 
with Dried Ground Mycelium of P. puberulum * 
Hours Gm, Mycelium/kg, Body Weight Given at 
After the Time Indicated to Calf Number: 
Day 
First 
Dose 2 3 4 5 
1 0 0.6 0.6 0.6 0.6 
4 0.6 0.6 0.6 0.6 
2 24 1.1- 1.1 1.1 1.1 
28 1.1 1.1 1.1 1.1 
3 48 
o
 
CM 
2.0 2.0 2.0 
52 2.0 2.0 ND** 2.0 
4 72 2.3 2.3 2.0 2.3 
76 ND 2.3 ND 2.3 
*Mycellum was suspended in water containing Z% polysorbate 
80 and given via stomach tube. 
**ND means No dose Riven at that time. 
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periodically each day during the experiment. These samples 
were centrlfuged and the plasma was harvested and placed at 
-4o C within 1 hour after collection. In addition, heparin-
ized blood samples were collected from the 2 calves in Calf 
Experiment 3 for determination of catecholamine levels. For 
these samples ^ 5 ml. of blood was drawn into a syringe con­
taining 0.1 ml. of heparinlzed saline (lOOO U/ml.) and the 
syringes were placed in cracked ice. These samples were cen­
trlfuged in a refrigerated centrifuge and the plasma was har­
vested within 10 minutes after collection of the sample. The 
plasma was transferred to 30 ml. vaccine vials sitting in dry 
ice, rapidly frozen and stored at -40 C until analysis. 
During the course of these experiments the calves were 
observed periodically and signs of intoxication and the body 
temperature were recorded. At the time of death or at the 
termination of the experiment a necropsy was conducted on 
each calf. No more than li hours elapsed between death and 
necropsy. Those calves not dying from the Intoxication were 
killed by the I.V. injection of a 10% solution of succinyl-
chollne choride. Selected tissues, including brain, spinal 
cord and sciatic nerve, were fixed in 10^ formalin at 4 C. 
The toxicity of tremortin A was assessed by determining 
the lethal dose 50% (LD^^) in female mice. The estimates of 
t/he LD^q's and their 957» confidence limits, here and else­
where, were computed by probit analysis (20). A weighed 
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quantity of treraortin A was dissolved In acetone, appropriate 
quantities of this solution were pipetted Into vaccine vials 
and the acetone was driven off by heating In an oven at 60 C. 
The tremortln In the vial was dissolved In dimethyl sulfoxide 
(DMSO) and sterile distilled water was added so that the final 
concentration of DMSO was 2^%, The concentration of toxin was 
adjusted so that mice were given 0.01 ml, of solution/Gm. of 
body weight. Doses ranged from 0.63 to 2.51 mg./kg. of body 
weight. For this and subsequent LD^^ determinations the 
logarithms of successive doses differed by a constant of 0.2. 
Eight mice were used at each dose level. This LD^^ determina­
tion was repeated with 6 mice at each dose level. 
At the higher dose levels some toxin did not stay in so­
lution upon the addition of water. The effect on LD of an 
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increase in the DMSO to a final concentration of 33 1/3^ in 
the toxin solutions was investigated. Mice were given doses 
ranging from 0.63 to 3.98 mg./kg, of body weight. Eight mice 
were used at each dose. This was repeated with doses ranging 
from 1.00 to 6.31 mg./kg, of body weight and 6 mice at each 
dose level. 
To determine a minimum dose of tremortln which produced 
tremor in 100^ of the mice inoculated, a titration was con­
ducted with doses ranging from 0,10 to 1.00 mg./kg. of body 
weight. The flngl concentration of DMSO the tnvln enenon-
sion was 33 1/3^. Six mice were used at each dose level. 
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Mice were observed for the presence of a static tremor. From 
the results of this experiment an effective dose 50% (ED^^) 
was computed by the method of Weil (44). The minimum tremor-
genie dose was considered to be 2 times the ED^^. 
To compare the toxicity of CPT to tremortin A, 2 repli­
cate determinations using CPT were conducted. In each 
determination doses ranged from 4.6 to 28,8 mg./kg. of body 
weight and 6 mice were used at each dose level. The final 
concentration of DM30 in the toxin suspensions was 33 1/3^. 
To compare the susceptibility of female and male mice to 
tremortin A simultaneous LD determinations were conducted, 
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Doses for female mice ranged from 0,63 to 2,51 mg,/kg, of body 
weight and for male mice from 0.25 to 2,51 rag,/kg, of body 
weight. The final concentration of DMSO in toxin solutions 
was 25^. Eight animals of each sex were used at each dose 
level. 
To study the effect of the toxin in rats a preparation 
of tremortin A similar to that used for mice was prepared. 
In preparations for rats, however, the concentration of toxin 
was adjusted so that each rat was given 0,01 ml,/5 Gm. of body 
weight. The final concentration of DMSO was 33 1/3^. Doses 
used were 1.59, 2.51, and 3.98 mg./kg. of body weight and 3 
rats were used at each dose. The rats wnre observed for signs 
of intoxication. No atternpt was aade to u»itrix-iiili)e Lhe leLhallty 
of these doses since rats were killed at varying times after 
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the injection of tremortin to obtain tissues for electron 
microscopy.• 
Clinical Pathologic Methods 
Determinations of selected plasma components were done 
with automated equipment designed for clinical chemistry pro-
cedures . The manifolds and methodology were supplied by the 
manufacturer® for the following determinations: glucose, 
pyruvic acid, glutamic pyruvic transaminase (GPT), glutamic 
oxalacetic transaminase (GOT), lactic dehydrogenase (LDH), 
chloride and phosphorus. Creatine phosphoklnase (CPK) was 
determined by the method of Siegel and Cohen (37) and lactic 
acid was determined by the method of Apstein, Puchner and 
Brachfeld (2). Catecholamines were extracted from plasma by 
the method of Anton and Sayre (1) and levels were determined 
using automated equipment by the method of Vlktora, Baukal 
and Wolff (4^), Sodium and potassium were determined using a 
1:200 dilution of plasma and aspirating this solution into a 
flame photometer^. Calcium and magnesium were determined with 
a 1:25 dilution of plasma and aspirating this solution into an 
^Auto Analyzer, Technlcon Instruments Corp., Ardsley, N. Y. 
^Technicon Instruments Corp.: Auto Analyzer Technical 
Methods: Glucose. N-l6b; Pyruvic Acid, N-5^» Glutamic Pyruvic 
Transaminase, N-$4; Glutamic Oxalacetic Transaminase, N-53; 
Lactic Dehydrogenase, N-60; Chloride, N-22; Phosphorus, N-26, 
rp 4 /"k T ^ 4» ^ "3 —^ .2.'" 
— w a ^ o wx • y m ^ i>( • X • X • 
^Beckman Model B with flame attachment, Beckman Instrument 
Co., Palo Alto, Califo 
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spectrophotometer^, according to the method outlined in the 
V 
manufacturer's literature • Plasma and erythrocyte cholinest-
erase levels were determined by the electrometric method cf 
Michel (31). 
The control mean for each plasma component was compared 
against each sampling period mean to determine at which point 
a significant change from normal occurred. All statistical 
comparisons were performed using Scheffe's Test (35)* 
Elucidation of the Site of Action of Tremortin 
Experiments were conducted with 8 neuropharmacological 
drugs and their effect on tremor was assessed. Female, CFl 
mice weighing 18 to 20 Gm, were used for all of these studies. 
In the first experiment drugs were screened for their possible 
effect on tremor by giving varying doses ot drug and a minimum 
tremorgenic dose of toxin, i.e., 2 times the ED . Drugs, 
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with one exception, were administered either 20 minutes before 
(prophylactically) or 20 minutes after (antidotally) the toxin 
was given; chlorpromazine was given only antidotally. Both 
drug and toxin solutions were prepared so that mice were given 
0.01 ml,/Gm. of body weight. Drug solutions were prepared in 
u 
Model 290, Perkin-Elmer Corp,, Norwalk, Conn, 
V 
r ci-rLjLil—iJLiiici' ooi\u.. niicix^ I. xoax ntroinjuïi i f. u vm u 
Absorption Spectrophotometry Manual: Calcium and Magnesium, 
Perkin-Elmer Corp., Norwalk, Conn., 1964, 
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sterile distilled water and toxin solutions In sterile dis­
tilled water with 33 1/3^ DMSO. Both drugs and toxin were 
given Intraperltoneally. Two control groups were used: a) 
tremortln alone and b) the highest dose of each drug alone. 
Drugs that appeared to decrease or abolish tremor were 
examined further for their effect on the LD of the treraor-
50 
genlc toxin. In these experiments CPT or tremortln A was 
dissolved In DMSO and sterile distilled water was added; the 
final concentration of DMSO was 33 1/3^. Mice were given 
varying doses of CPT ranging from 4.6 to 28.8 mg./kg. of 
body weight and varying doses of tremortln A ranging from 1.59 
to 10.0 mg./kg. of body weight. Drugs, dissolved In sterile 
distilled HgO, were given only antldotally (15 to 20 minutes 
after administration of toxin). Toxin preparations and drugs 
were given I.P. A single dose level of each drug was used 
based on the results of the experiments employing varying 
doses of drugs. 
The effect of tremortln Intoxication on the electroen­
cephalograph (SSG) of rabbits was Investigated. Four male 
New Zealand white rabbits, weighing between 2.5 and 3.0 kg., 
were used. The preparation of the rabbits and methods of re­
cording have been described (42). Rabbits were restrained by 
an animal restraining board fitted with a head holder. The 
T «3 ^  ^ s ««« 4- ^  ^f-s T 4 ^ T A vs  ^
head were infiltrated with 2% procaine. The dorsum of the 
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skull was exposed and the periosteum was reflected. Holes 
were bored In the skull and electrodes were Implanted accord­
ing to a published sterotaxlc altas (34). The recording sites 
In 3 rabbits were anterior and posterior motor cortices, lenti­
cular nucleus, basal olfactory area, and hippocampus. In the 
4th rabbit recordings also were made from the cerebellum. 
Rabbits were allowed a recovery period of approximately 
^5 minutes following surgeiy. When the EEG activity appear­
ed to have stabilized a period of normal activity was record­
ed and the experiment was started. Solutions of tremortin A 
were prepared by dissolving the toxin in DMSO and adding ster­
ile distilled water; the final concentration of DMSO was 
33 1/3^# Toxin solutions were injected I.V. Repeated inject­
ions of toxin were made throughout the recording period to pro­
duce the desired clinical signs of severe tremor and what ap­
peared to be convulsive activity. 
Histopathologic and Electron Microscopic Methods 
After fixation tissues from calves were embedded in par­
affin and sections routinely stained with hematoxylin and 
eosin. Selected areas of brain and spinal cord were stained 
with thlonine. Central nervous system tissues examined mi­
croscopically included anterior, middle and posterior cerebrum, 
3 areas of the basal gaiiglla, thalamus, hlppocaspus, superior 
and Inferior collicull, 5 areas of the cerebellum, anterior 
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and posterior medulla, and sections of the cervical, thoracic 
and lumbar areas of the spinal cord. Other tissues were 
sciatic nerve, lung, heart, liver, kidney and skeletal muscle. 
This microscopic examination was conducted on tissues from 
calves 55 and 56. In addition liver, kidney and skeletal 
muscle from calves in Calf Experiments 2 and 3 were embedded 
in paraffin and stained with hematoxylin and eosln stain. 
Frozen sections were prepared from formalin fixed pieces of 
liver from calves in all 3 experiments. These were stained 
with Oil-Red-0 in propylene glycol. Further histopathologic 
examination of tissues was confined to laboratory animals as 
outlined below. 
Fixation of rabbit brains by perfusion was employed to 
overcome the production of artifacts which occur following 
fixation by immersion (6), and which may mask subtle changes 
resulting from intoxication. The dose schedule of the 4 
rabbits used in this study is shown in Table 3. 
The technique of perfusion closely followed one previous­
ly described (6). At the time of perfusion rabbits were light­
ly anesthetized with fluothane and 2 ml. of a 5% heparin solu­
tion were injected Intravenously. The skin of the neck was 
incised and the jugular veins were exposed. The chest was 
opened just behind the left shoulder and the aorta was llgated 
in the posterior thorqoic region near the dlapVirpm. A 13 
gauge needle was inserted into the left ventricle and a 
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TABLE 3 — Schedule of Dosing Rabbits with Crude Precipitated 
Toxin (OPT) for Neuropathologlc Studies 
Rabbit Day-
Dose of OPT* 
in mg./kg, 
body weight 
Time between 
last dose 
and death 
(In hours) 
333 1 
2 
4.5 
2.25 
338 1 
2 
4.5 
4.5 
334 4.5 
4.5 
4.5 24 
305 
(control) 
None 
*CPT was dissolved In 1 ml. DMSO and 5 ml. sterile distilled 
water added. Suspension of toxin given intraperitoneally. 
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ligature was placed around the heart In order to compress the 
myocardium against the needle. The Jugular veins were severed 
and a perfusion of 2 minutes duration was started using lactat-
ed Hlnger's solution containing 0.5^ formalin. The animal was 
then perfused with 500 ml. of Heldenhaln's Susa solution. Both 
bottles of perfusate were 68 cm. above the heart. The brain 
was removed 6 hours after the perfusion and placed In Helden­
haln's Susa solution. 
The rostral 5 uim. was removed from each rabbit brain and 
the remaining brain cut Into 3-4 mm. thick cross-sections. 
These were embedded In paraffin. Sections were cut at 7jx and 
stained with hematoxylin and eosln. Selected sections were 
also stained with a thlonlne stain. 
Tissues for examination by electron microscopy were 
taken from rats given tremortln A I.P. as described above 
and killed at 24 and 48 hours after the injection of toxin. 
Whole body perfusion with 2»5% glutaraldehyde in a phosphate 
buffer was accomplished by a method previously described (28), 
Rats were anesthetized with ether, the thorax was opened and 
a cannula was Inserted through the left ventricle Into the 
aorta. The cannula was secured by placing a ligature around 
the aorta. The right auricle was Incised and a perfusion of 
20 minutes duration was Initiated. No attempt was made at 
artificial respirawioii during the preparation for perfusion. 
Total elapsed time between opening the thorax and initiation 
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of perfusion never exceeded 2.5 minutes. The perfusate 
bottle was placed 130 cm, above the heart. 
After perfusion the spinal cord was removed and placed 
In the glutaraldehyde solution. Cross-sections 1 mm. thick 
were cut from the cervical, thoracic, and lumbar areas. All 
tissues were placed in glutaraldehyde fixative for an 
additional 2 hours and held overnight in the buffer, ?hey 
were post-fixed In osmium tetroxlde for 2 hours, washed in 
buffer, processed through graded alchols and embedded in 
Spon. For preparation of thin sections blocks of spiral 
cord were cut so as to expose the tissue, the area for 
examination was marked and the remaining portion was trimmed 
away. Emphasis was placed on examining areas of the gray H. 
Ultra thin sections were placed on copper grids and stnined 
with uranyl acetate and lead citrste. ^hey were examined 
In a Phillips SM-200 electron microscope. 
The brain, heart, liver, kidney, and muscle from per­
fused rats were placed in 10^ formaldehyde. Sections of 
these tissues were embedded in paraffin. Sections were cut 
at 7and stained with hematoxylin and eosin. In addition 
frozen sections of liver were prepared and stained with 
Oil-Red-0 in propylene glycol. 
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RESULTS 
Screening of Feed Samples for Toxicity 
Fifteen extracts were prepared from the 5 suhsamples of 
silage; 11 of them produced death In mice (Table 4). Ether 
and methanol extracts were most active. Twenty of the 25 
mice killed by these extracts died within 2^ hours after 
dosing; consistent signs preceding death were not observed. 
At postmortem examination peritonitis was present in an oc-
calslonal mouse; no other gross lesions were observed. In 
contrast none of the ducklings given extracts of the silage 
subsamples died and none of the ducklings or mice given ex­
tracts of the corn samples died (Table 4), There were no 
visible lesions in any of these latter animals at postmortem 
examination. No deaths occurred in control ducklings and 
mice given olive oil and lesions were not observed at post­
mortem examination. 
Screening of Fungal Isolates for Toxicity 
Thirty-three fungal Isolates were obtained from the 
4 samples of feed (Table 5)« The extracts of only 2 of 
these Isolates grown on rice produced death in ducklings; 
the extracts of 19 cultures produced death in mice (Table 
C \ AT ^ n 4 ^ "W* 4 ^ ^ ^ M M — ^ ^ — — _ J M ^ -
^ 4 • . ^  w o ^  «-/A A O O * WX Xli UliO UicLJV^l A. 1/J/ 
of mice at postmortem examination. Occasionally mottling 
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TABLE 4. Lethal Effects of Primary Peed Sample Extracts 
Duckling Mice 
(Oral) (Intraperitoneal) 
Sample Ether 
Chloro­
form Ml ethanol Ether 
Chloro­
form Methanol 
1-ST 0* 0 0 1 1 0 
1-3C 0 0 0 3 1 3 
1-NT 0 0 0 0 0 3 
1-NG 0 0 0 3 0 3 
1-NB 0 0 0 3 1 3 
2 0 0 0 0 0 0 
3 0 0 0 0 0 0 
4 0 0 0 0 0 0 
*Three animals given each Extract. Number Indicates 
deaths during observation period. Controls (3 mice and 
3 ducklings) were given olive oil only. No abnormslltles 
or deaths were observed In the controls. 
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TABLE 5—Mold Isolates from Peed Samples and Results of 
Testing of Rice Culture Extracts in Ducklings and Mice 
Duckling Mice 
Iso­
late Organism Ether 
Meth­
anol Ether 
Meth­
anol 
NTl Pénicillium 
puberulum 0* 0 2 0 
NT2 Fusarlum sp. 0 0 0 0 
NBl Geotrlchum sp. ND** ND ND ND 
SCI Paecllomyces sp. 0 0 2 0 
SC2 Pénicillium sp. 0 0 1 0 
SC3 Pénicillium sp. 0 0 0 0 
B unidentified 0 0 3 1 
C Fusarlum sp. 0 0 0 0 
E unidentified 0 0 1 2 
G Rhizopus oryzae 0 0 0 0 
H Pénicillium 
puberulum 1 0 1 1 
R Fusarlum sp. 0 0 3 0 
S Fusarlum sp. 0 0 3 0 
T Fusarlum sp. 0 0 0 0 
X Mucor sp. 0 0 2 3 
^Indicates the number of snimnls dying during observa­
tion period; three animals were used to test each extract* 
**Dld not grow on rice. 
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TABLE 5 Continued 
Duckling; Mice 
3am- Iso-
ple late Organism Ether 
Meth- Meth-
anol Ether anol 
A Pusarium sp. 0 0 3 0 
F Pusarium sp. 0 0 1 1 
G unidentified 0 0 3 0 
I unidentified 0 0 0 0 
J Nlarospora sp. 0 0 0 0 
K unidentified 0 0 0 0 
T JU Pénicillium sp. 0 0 0 0 
3 unidentified 0 0 0 0 
A Pusarium sp. 0 0 1 1 
C Pusarium sp. 0 0 3 0 
D Pusarium sp. 0 0 0 0 
S Kucor sp. 0 0 2 0 
P Pusarium sp. 0 0 0 0 
C- Alternarla sp. 1 0 3 1 
J Pénicillium sp. 0 0 0 3 
K Pusarium sp. 0 0 3 2 
M Gephalosporium sp. 0 0 0 0 
T\T ! 3 ^ ^ 
 ^  ^  ^  ^M  ^ # 
r\ V n w 1 n 
3 Pusarium sp. 0 0 2 0 
^5 
of the liver or abdominal adhesions were present in mice. 
These changes, when present, were not found in each member 
of a particular group. 
Two Isolates of P. puberulum (NTl and 2H) were obtained 
from 2 different samples of feed. The ether extract of the 
NTl rice culture produced severe tremor and ataxia in mice; 
2 mice died within 4 hours after dosing. This same extract 
produced tremor and ataxia in ducklings. The ether extract 
of the 2H rice culture produced tremor In mice; 1 mouse 
died within 2^ hours after dosing. Signs of intoxication 
were not observed in ducklings given the extract of the 2H 
culture; 1 duckling was found dead 6 days after the first 
dose. At postmortem examination there were no lesions in 
any of these mice or ducklings. 
None of the ducklings or mice given extracts of un-
inoculated rice died and there were no gross lesions at 
postmortem examination. 
Characterization of the Tremorgenlc Toxin 
Crude precipitated toxin (CPT) prepared at the NADL was 
compared chromatographically with tremortin A, ergosterol 
and viridicatin supplied by another laboratory. The latter 
3 compounds were present in CPT (Fig. l). The identity of 
the XAD— prôprti'cu toxin kinù Li-euioi*Lin A way con­
firmed by comparison of mass spectral and nuclear magnetic 
Fig. 1 A thin layer chroraatogram of ergosterol 
(A), tremortln A (3), crude precipitated toxin (C), 
and vlrldlcatln (D). The crude precipitated toxin 
contains ergosterol, tremortln A and a trace of 
vlrldlcatln. Color development was accomplished 
by spraying the chroraatogram with PeCl^ in 
n-butanol 
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resonance data and the Infrared spectrum with published data. 
The molecular weight was found to be 633 and the empirical 
formula was C H o, NCI, Tremortln A was found to undergo 
3 7 6 
thermal degradation in the mass spectrum analysis and hence 
It could not be determined which Ions were from tremortln A 
and which were from thermally degraded products. Complete 
elucidation of the structural formula was not possible by 
the methods employed. 
Environmental Conditions and Toxin 
Production by P. puberulum 
The Isolate of P. puberulum used In these studies pro­
duced more mycelial mass and more tremortln/Gm, of mycelium 
when grown on Czapek's broth with Z% corn steep liquor than 
when grown on Sabouraud * s dextrose broth (Table 6). All 3 
levels of CO^ tested (10,20, and 40#) inhibited growth and 
tremortlns were not detectable in extracts of these cultures 
(Table 6). 
Incubation at 25 C for 2 weeks followed by incubation 
at 4 C for 1 week appeared to have increased tremortln pro­
duction when compared to incubation at 25 C for 3 weeks 
(Table ?)• After incubation for an additional week there 
was more mycelial mass from the flasks held at 4 C but the 
mg. of tremortln/Gm. of mycelium was the same for both tem­
perature treatments. 
TABLE 6 Growth and Toxin Production by P, puberulum: A Comparison of 2 
Different Media and Varying Concentrations^ of CO^ 
Time Sabouraud's Czapek ' s Broth with 2.% Corn Steep Liquor 
In Dextrose 
Weeks Broth Air 10^ CO 
2 
20^ CO 
2 
40^ CO^ 
1 1.05 2.57 1.41 1.12 0.91 
Mycelial* 
Weight 2 0.99 2.13 1.57 1.09 0.83 
(Gm, ) 
4 0.88 1.99 1.86 1.36 0.74 
1 0.44 1.17 0 0 0 
mg. Tremortln/ 
Gm. Mycelium 2 0.82 1.55 0 0 0 
4 1.06 1.91 0 0 0 
* 
Total weight from 3 flasks taken at each time from each treatment. 
TABLE 7 Growth and Toxin Production by P. puberulum: The Effect of Lowering the 
Environmental Temperature after 2 Weeks Growth at 2'5 C 
Continual 
at 25 
Growth 
C 
2 Weeks at 25 
Maintained 
1 C. Then 
at 4 C 
Time after 
Inoculation 
(Weeks) 
Mycelial 
Wt.* (Gm.) 
mg, Tremortln/ 
Gm. Mycelium 
Mycelial 
Wt.* (Gm.) 
mg, Tremortln/ 
Gm, Mycelium 
2 2,10** 1.00 2.10 1.00 
3 2.10 1.07 2.25 1.27 
4 2.03 1.11 2.21 1.09 
•The total weight of mycelium from 3 flasks taken for harvest at each time 
from each treatment. 
**A11 Flasks were Incubated at 25 C for the first 2 weeks. Only 3 flasks 
were harvested at 2 weeks. 
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The Injection of mice with culture extracts confirmed 
the presence of tremorgenic toxin in the 4 week culture on 
Czapek's broth with 2% corn steep liquor (Table 6) and all 
of the cultures from the study with lowered environmental 
temperature (Table ?)• No signs of tremor or other abnormal­
ities were observed in mice given extracts of the cultures 
grown under 10% CO^ (Table 6). 
The Effects of the Toxin on Animals 
Similar signs of intoxication were observed in all ani­
mal species given toxin. The toxin was effective by all of 
the 3 routes of administration used (oral, I. P. and I. V.). 
A minimum tremorgenic dose of 0.34 mg./kg. for mice 
was establllshed for purified tremortln A, Treated mice ex­
hibited fine tremors which lasted 3 to 4 hours. As the dose 
was Increased, tremors became more severe and were accom­
panied by ataxia. A dose of 1.59 mg./kg. regularly caused 
death. At this dose level tremors and ataxia were severe; 
mice exhibited "log-rolling" motions. Just before death many 
mice became markedly excited; they died in a state of exten­
sor rigidity. When purified toxin was given, death? occurred 
in the first 24 hours; most mice appeared normal by 24 hours 
after dosing. When CPT was given at appropriately higher 
doses, death occurred from 1 to 72 hnurs after dosing. 
The with CPT in mice was 13.86 mg./kg. ; chemical 
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analysis Indicated that this material contained 15.5^ tre-
mortins by weight. The with tremortln purified from 
this same CPT was 2.55 mg./kg. Increasing the concentration 
of dimethyl sulfoxide (DMSO) from 25 to 33 1/3^ In the tre­
mortln A preparations lowered the (Table 8), The 
for male mice was less than for female mice. The above 
differences were not statistically significant. 
The Initial signs of intoxication in rats were similar 
to those observed In mice. Dose levels of 1.59, 2.51 and 
3.98 mg./kg. of tremortln A induced severe tremor and ataxia. 
Periods of excitment were also present at the 2 higher dose 
levels. After 3 hours the ventral abdomen of all rats was 
wet with urine even though they were kept in cages with a 
wire mesh floor. After 24 hours there was marked depression 
and moderate intermittent tremors. The rats were in sternal 
recumbancy with all 4 legs out to the side. 
Lethal doses in rabbits, 50 to 66 ^g./kg. I.V, pro­
duced tremor within 10 minutes. As the tremor Increased 
in severity it was accompanied by ataxia and excitment. 
The rabbits were unable to stay upright. Extensor rigidity, 
opisthotonus and tonic-clonic convulsions appeared. Death 
occurred from % to 2 hours after dosing. 
The effects of intoxication in calves were first noted 
c" the sscr^nd dsy Oi xn 2iXpt3i'inieni>s i and ù 
(cumulative dose 3.4 Gm./kg.). A fine tremor was observed 
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TABLE 8 The LD^Q of Purified Tremortln A and Crude 
Precipitated Toxin (CPT) for Mice 
Treatment 
TreXiOrtln A* (33 1/3)/ female 
Tremortln A* (25) female 
Tremortln A* (25) male 
Tremortln A*"^ (33 1/3 ) female 
CPT (33 1/3) female 
95^ Confidence limits 
LD q^ lower upper 
(rag./kg.) 
1.45 1.01 2.05 
1.75 1.21 2.59 
0.97 0.6l 1.52 
2.55 1.57 4.10 
13.86 9.56 20.20 
*Treraortin A supplied by A. Ciegler, NRHL, Peoria, 111, 
**Tremortin A prepared at NADL, 
/Indicates final percentage of DMSO in toxin preparations. 
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which Increased In severity when the calves moved or were 
excited. On day 3 (cumulative dose 7.4 Gm./kg.) pronounced 
signs were exhibited by calves 55 and 56 (Calf Experiment 
1) and calves 2, 4 and 5 (Calf Experiment 2). Marked tremors 
were present and the calves stood with legs stiff and spread 
apart and exhibited a rhythmic swaying motion. When forced 
to move they were ataxic and often would fall. The calves 
given 7.4 Gm./kg. as a single dose (Calf Experiment 3) ex­
hibited the same signs In 3 to 4 hours as were observed on 
the third day of Experiment 2» Calves continued to eat and 
drink until severely affected. 
When most severely affected calves went down in lateral 
recumbancy. There were paddling, intermittent extensor rig­
idity, opisthotonus and marked tremors. These signs gave 
the appearance of tonic-clonic convulsions. 
Calf 55 (Calf Experiment 1) developed a moderate bloat 
problem on day 4; this was temporarily relieved by passing 
a stomach tube and by insertion of a 12 gauge needle into 
the rumen. He died on day 5. Calf 56 was down and unable 
to rise on day 9. He was killed at this time. 
Calf 7 (Calf Experiment 3) died between 8 and 9 hours 
after being given a single dose of 7.4 Gm./kg.; calf 6 was 
killed at 35 hours after being given a similar dose; at 
this time he was in lateral recumbancy with marked signs 
of intoxication. 
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All 4 animals in Calf Experiment 2 recovered from the 
intoxication between 9 and 12 days after the first dose of 
toxin. They were killed 18 days after the start of the ex­
periment. 
Clinical Pathologic Changes 
The levels of certain blood constituents including 
erythrocyte chollnesterase were determined In calves given 
gradually increasing doses of dried mycelium in Calf Exper­
iment 1. The mean pretreatment blood chollnesterase activity 
(expressed as the decrease in pH/hour) for calf 55 was 0.28 
with a maximum of 0.29 and a minimum of 0.27; during the ex­
periment values varied between 0.22 and 0.31. The mean pre­
treatment value for calf 56 was 0.50 with a maximum of 0.52 
and minimum of 0.48; during the experiment values varied be­
tween 0.40 and 0.52. The variations in the above levels 
were not considered indicative of derangement In cholln­
esterase activity. 
Changes in plasma constituents, including substances 
associated with carbohydrate metabolism, selected enzymes, 
and electrolytes, were studied in Calf Experiment 2 where a 
more rigid dosing and sampling schedule was followed than in 
the above experiment. Plasma levels of pyruvic acid, lactic 
acid and glucose were elevated (Pig, 2), Small Increases 
occurred in the levels of pyruvic acid on day 2. Both lactic 
and pyruvic acids rose markedly on the third day with parallel 
Fig, 2 Mean levels of certain plasma constituents 
of 4 calves dosed with dried mycelium of P, puberulum. 
The arrows indicate when the animais were dosed and 
the accompanying number is the dose level in Gra. of 
mycelium/kg. of body weight. 
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fluctuations. Glucose levels decreased slightly on days 1 
and 2 and rose on day 3» 
The dally maximum and minimum values for these same 
constituents for the Individual calves are shown In Figure 
3« Marked differences In pyruvic and lactic acid levels 
were present on day 3 for calves 2, 4 and 5 with a lesser 
difference for glucose for the same calves. There were no 
significant changes in the plasma levels of these constit­
uents for calf 3 during this same period. 
Significant changes occurred in the plasma levels of 4 
enzymes: CPK, LDH, GOT, and GPT, The average level of CPK 
Increased 4 times on day 2 (Fig. 4). This was due to a sub­
stantial increment in the level of CPK of calf 3 (Fig. 5)* 
On day 3 there were substantial increments in the plasma 
levels of CPK in calves 2 and 3 with a lesser but algnifi-
cant rise for calves 4 and 5. .A significant elevation in the 
average level of LDH occurred on day 3 (Fig.4). The average 
level of GOT increased gradually over the 3 day period from 
a pretreatment value of 62 to a maximum of 82 on day 3 (Fig. 
4). Although only small differences between daily low and 
high values of GOT occurred in this 3 day period there was 
a gradual increase in the daily minimum value for all 4 
calves (Fig. 5)« The level of GPT increassd gradually over 
^ ^ /-sA 'P-vtrsm ^ irr)! na lit "h o 
of 30 on day 3 (Fig. 4). There was a gradual increase in the 
Fig. 3 Daily maximum and minimum values of Certain 
plasma constituents of 4 calves given dried mycelium 
of P. puberulum twice dally for 3 days. The maximum 
and minimum values from 4 plasma samples collected 
before toxin administration are designated Pre, 
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dally minimum value In the 3 day period and a considerable 
difference between minimum and maximum values for calves 2 
and 5 (Fig. 5)* 
Substantial Increments occurred In the plasma levels 
of pyruvic acid, lactic acid and CPK for calves 2 and 3 on 
the fourth day (Appendix Tables l6 and 17). Lesser but 
significant Increases occurred In the levels of glucose, 
LDH, GPT, and GOT, Thereafter the values of these constit­
uents decreased and were within or very close to the normal 
limits by day 9. 
The plasma levels of glucose, pyruvic acid and lactic 
acid of calves 4 and 5 reached maximum values on day 4 and 
thereafter declined and were within normal limits by day 9 
(Appendix Tables l8 and 19). The levels of CPK, LDH, GPT, 
and GOT Increased substantially during this same period to 
values that were higher than the maximum values reached dur­
ing the first 3 days of the experiment. The Increase in the 
plasma levels of these enzymes was greater for calf 5 and ap­
peared to be associated with a temporary loss of function of 
the adductor muscles of the rear legs. 
Changes in the levels of plasma electrolytes were 
studied in the second calf experiment. The mean values of 
plasma electrolytes in these 4 calves for the first 3 days 
of the sxperiment are given in Table 9= Sodium levAim de­
creased during the first 24 hours and thereafter were within 
TABLE 9 Mean Values of Plasma Electrolytes of the 4 Calves 
In Experiment 2 Dosed with Dried Mycelium of P. puberulum 
Hours After Gm, Mycelium/ Sodium Potassium 
First Dose kg. Body Weight (mEq./L.) (mEq./L.) 
Control Period 
0.6 
144.4* 
(135.3-152.8) 
3.99 
(3.09-4.42) 
2 137.0 
(123.0-144.2) 
3.77 
(3.48-4.16) 
4 
0.6 
140.3 
(137.4-142.3) 
4.23 
(3.71-4.50) 
6 141.4 
(138.8-144.5) 
4.1O 
(4.02-4.15) 
8 136.3 
(129.5-143.6) 
3.97 
(3.56-4.15) 
12 140.0 
(139.3-142.5) 
3.81 
(3.65-3.97) 
24 
1.1 
136.2 
(132.0-140.9) 
4.00 
(3.43-4.36) 
26 146.1 
(134.5-149.3) 
3.69 
(3.26-4.21) 
28 
1.1 
146.1 
(134.6-153.2) 
4.25 
(3.78-4.68) 
30 145.2 
(142.0-151.7) 
4 .27  
(3.85-4.66) 
32 148.8 
(144.9-152.5) 
4.46 
(4.12-4.75) 
36 149.0 
(142.8-154.4) 
4.12 
(3.61-4.50) 
48 
2.0 
138.1 
(125.2-142.0) 
4.05 
(3.88-4.30) 
50 142.7 
(130.2.151.5) 
3.71 
(3.20-4.38) 
52 
2.0 
147.8 
(139.0-151.7) 
3.81 
(3.20-4.64) 
54 144.6 
(139.6-152.2) 
3.97 (3.60-4.45) 
*Mean value; numbers'in parentheses are minimum and maximum 
values. NOTE; Control means were derived from examinations 
of 4 blood sample collections from each of the 4 calves. 
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Calcium Phosphorus Magnesium 
(mg./lOO ml.) (rag./loo ml.) (mg./lOO ml.) 
Chloride 
(mSq./L) 
108.9 
(103.9-115.0) 
102.5 
(95.2-106.4) 
105.9 
(104.3-107.0) 
104.6 
(100.6-109.0) 
107.5 
(105.0-109.2) 
105.2 
1104.0-106.5) 
107.5 
(105.8-109.7) 
102.1 
(96.2-105.1) 
102.0 
(95.5-105.3) 
102.6 
(100.6-105.2) 
106.0 
(103.8-107.3) 
107.1 
(105.7-108.4) 
100.1 
(95.5-105.3) 
100.4 
(97.0-102.8) 
102.9 
(101.0-104.8) 
101.3 
(99.0-103.2) 
10.5 
(9.9-11.1) 
10.3 
(10.0-10.4) 
10.6  
(10.1-10.8) 
10.3 
(9.7-10.8) 
10.2 
(9 .8-10 .6)  
10.4 
(10 .0-10 .8)  
10.3 
(9.9-10.7) 
10.9 
(9.9-12.1) 
11.1 
(10 .2-12 .8)  
11.0  
(10.5-12.9) 
11.3 
(10.6-12.9) 
11.2 
• (10.2-13.5) 
10.8 
(10.1-11.3) 
10.5 
(9.9-10.9) 
10 .6  
(10.2-10.9) 
11.6 
(10.1-14.6) 
8.84 
(7.40-10.30) 
8.74 
(7.40-10.10) 
8.40 
(7.72-9.13) 
8.48 
(7 .71-10 .20)  
8.64 
(8.03-9.70) 
8.26 
(7.94-8.80) 
8.18 
(7.36-8.52) 
7.23 
(6.12-8.07) 
7.07 
(5.68-8.38) 
7.01 
(5.41-8.65) 
6.03 
(5.20-6.46) 
6.28 
(5.07-7.36) 
6.39 
(5.92-6.91) 
6.22 
(6.29-6.94) 
6.84 
(6.29-7.80) 
6 . 1 1  
(5.66-6.80) 
2.12  
(1.77-2.78) 
2.05 
(1.78-2.30) 
2.34 
(2.05-2.61) 
2 . 2 1  
(2.00-2.57) 
2.32 
(2.17-2.62) 
2 . 2 2  
(2.06-2.65) 
2.02 
(1.38-2.15) 
2.25 
(2.10-2.35) 
2.35 
(2.25-2.47) 
2.33 
(2.27-2.43) 
2.37 
(2.28-2.48) 
2.46 
(2.38-2.61) 
2.18 
(1.83-2.46) 
2.31 
(2.13-2.52) 
2.33 
(2.30-2.47) 
2.59 
(2.18-3.10) 
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normal limits. There were no significant changes in potas­
sium levels. Chloride levels were variable but in general 
decreased. There was a small increase of calcium and magne­
sium on day 2 and 3 and a pronounced decrement In phosphorus 
at the same time. Levels of phosphorus remained depressed 
for calves 2, 4, and 5 while the values for calf 3 returned 
to within normal limits during the period of days 4 through 
9 (Appendix Tables 20, 21, 22, and 23). In this same period 
the levels of the other plasma electrolytes of all calves 
fluctuated but almost all values were within normal limits. 
Marked increments occurred In the levels of several 
plasma constituents of the 2 calves given a single dose 
of 7.4 Gm. of mycelium/kg. of body weight (Calf Experiment 
3). Pyruvic acid, lactic acid and glucose reached maximal 
levels (Pig. 6 and 7) 4 to 8 hours after dosing. There was 
also a substantial Increase in the level of total cathechol-
amines (Pig. 7) between 2 and 4 hours after dosing. Levels 
of GOT, LDH, and CPK increased rapidly during the first 8 
to 11 hours (Pig. 8 and 9) after dosing. Thereafter GOT and 
GPT levels in the plasma of calf 86 continued to Increase 
but at a reduced rate while LDH and CPK values plateaued. 
The greatest Increase was in the level of CPK. No changes 
were observed in the plasma levels of sodium, chloride, 
c?lciuni, or phosphoruc. A rise in potasslu". levels occurred 
in both calves. The potassium levels of calf 86 reached 
Fig, 6 Variations in the levels of certain plasma 
constituents of 2 calves following a single dose of 
dried mycelium of P. puberulum. The arrow indicates 
the time of dosing""and the accompanying number is 
the dose level in Gm. of mycelium/kg. of body weight. 
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maximum values at 4 to 6 hours after dosing and then returned 
to pretreatment levels; the potassium levels of calf 87 con­
tinued to Increase during the entire experiment (Table 10). 
The plasma levels of magnesium exceeded the pretreatment 
values at 4 hours after dosing and remained elevated for the 
entire experiment (Table 10). 
Elucidation of the Site 
of Action of Tremortln 
Five classes of neuropharmacologlcal drugs were examined 
for their effect on the tremor produced by treraortln A. 
Atropine (a muscarinic antagonist), mecamylamlne (a nico­
tinic antagonist), dibenzyline (an alpha adrenergic blocking 
agent), and dlchloro-lspproteronal (a beta adrenergic block­
ing agent) had no effect on the tremor (Table 11). The 2 
adrenergic blocking agents were also ineffective when given 
together, Mephenesin (a centrally acting skeletal muscle 
relaxant) and chlorpromazine (a substituted phenothiazine 
tranquilizer) were both effective in eliminating tremor 
(Table 11). 
The effect of mephenesin and chlorpromazine on the 
of the toxin in mice was examined because of their effect 
w 
on tremor. The effect of sodium pentobarbital on the LD 
50 
of the toxin in mice was investigated as a result of prellm-
*Nembutal, Abbott Laboratories, North Chicago, 111. 
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TABLE 10——P3a8.ma Levels of Potassium and Magnesium for the 2 
Calves Given a Single Oral Dose of 7.4 Gra. of Mycelium Of P. 
puberulum/kg. of Body Weight (Calf Experiment 3) " 
Hours after Potassium (mEq./L.) Magnesium (mg./lOOml.) 
Dosing 
Calf 86 Calf 87 Calf 86 Calf 87 
ol period 3.75* 4.02 1.89 2.16 
(3 .20-4.14) (3.88-4.16) (1.78-1.98) (2.00-2.18) 
1 4.26 3.84 1.94 2.20 
2 4.15 4.06 1.88 2.15 
4 9.45 5.65 2.27 2.80 
6 9.11 5.38 2.58 2.71 
8 4.05 7.39 2.16 3.00 
11 4.06 2.29 
24 3.44 2.08 
34 3.93 2.35 
*Mean obtained from samples of blood taken during the 
control period; numbers in parentheses indicate the range 
of values. 
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TABLE 11 The Effect of Selected Drugs on the Tremor In 
Mice Produced by a Minimum Tremorgenlc Dose (0.342 mg./kg.) 
of Tremortln A 
Drug Dose Dru^ Given 
Drug (mg./kg.) Prophylactlcally Antldotally 
Atropine 10 4/4* 4/4 
40 4/4 4/4 
100 4/4 4/4 
Mecamylamlne 4 4/4 4/4 
10 4/4 4/4 
25 4/4 4/4 
Dlbenzyline 4 4/4 4/4 
10 4/4 4/4 
25 4/4 4/4 
Dlchloro­ 3.2 4/4 4/4 
lsopr oteronal 10 4/4 4/4 
32 4/4 4/4 
Dlchloro- 3.2/4** 4/4 4/4 
Isoproteronal 10/10 4/4 4/4 
Dlbenzyline 32/25 4/4 4/4 
Mephenesln 50 4/4 4/4 
100 4/4 4/4 
200 0/4 0/4 
Chlorpromazlne 1.00 not 6/6 
1.59 done 6/6 
2.51 0/6 
3.98 0/6 
*Niumerator = the number of mice with Tremor; denominator = 
the number of mice Injected. 
**Numerator = the dose of dlchlorolsoproteronal; 
Denominator = the dose of dlbenzyline. 
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Inary work In which it had been noted that tremor disappeared 
when mice were anesthetized and reappeared when they recov­
ered from the anesthesia. Although sodium pentobarbital in­
creased the of CPT in mice the increase was not statis­
tically significant (Table 12). Chlorpromazine (3.0 mg./kg. 
I.P.) antagonized the lethal effects of CPT (Table 12). Only 
1 of 30 mice died and that death occurred at the highest 
dose level of toxin used (28,8 mg./kg. I.P.). Mephenesin 
increased the LD of tremortin A in mice but the increase 
50 
was not statistically significant (Table 13). 
The effect of atropine and chlorpromazine on the signs 
exhibited by tremorgen Intoxicated calves was examined. 
Atropine had no observable effect while chorprornazine dimin­
ished or eliminated tremor and extensor rigidity (Table l4). 
The effect of tremortin intoxication on the E5G of rab­
bits was investigated. The EEG of the normal resting rabbit 
was characterized by a synchronous pattern with high voltage 
slow activity (HV3A) in the cortical leads and the presence 
of 8-l4 cycles per second "sleep" spindles (Pig. 10). When 
the normal rabbit was stimulated an arousal pattern was ob­
served with a desynchronized pattern of low voltage fast 
activity (LVFA) in the cortical leads and a pronounced theta 
rhythm from the hippocampus (Pig. 10). 
The onset of tremor (5 to 10 minutes after the I.V. in­
jection of tremortin A) was preceded by a desynchronized 
3EG with LVFA in the cortical leads and a theta rhythm in the 
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TABLE 12 The Effect of Sodium Pentobarbital and Chlorpro-
mazlne on the LD_ of Crude Precipitated Toxin (CPT) given 
I.P. to mice ^ 
Response* 
CPT and Sodium CPT and 
Dose of CPT CPT Pentobarbital Chlorpromazlne 
(mg./kg.) Alone** (50mg,/kg,) (3.0mg./kg.) 
Antldotally i Antldotally 
28,8 12/12 4/6 1/6 
18,2 7/12 1/6 0/6 
11.5 3/12 0/6 0/6 
7.2 0/12 0/6 0/6 
4.2 2/12 ND 0/6 
•Numerator = number of mice dying, denominator = number 
of mice Injected; ND = not done. 
The Computed of CPT: (95^ confidence Limits) 
**Alone 13.86 mg./kg, (9.56 to 20.20) 
/With Sodium Pentobarbital (12,77 to 58.48) 
26.79 mg,/kg. 
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TABLE 13^—The Effect of Mephenesln on the LD of 
Tremortln A given I.P. to Mice 50 
Response* 
Tremortln A and 
Dose of Mephensln 
Tremortln A Tremortln A (lOb rag,/kg.) 
(mg./kg.) Only** Antldotally/ 
10.00 ND 6/8 
6.31 7/8 8/8 
3.98 7/8 6/8 
2.51 6/8 4/8 
1.59 0/8 0/8 
•Numerator = number of mice dying; denominator = number 
of mice Injected; ND = not done. 
The Computed LD Values of (95^ Confidence Limits) 
Tremortln A: 
**Alone 2.55 mg/kg. (1.57 to 4.10) 
/With Mephensln 3.37mg./kg. (2.13 to 5.30) 
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TABLE The effect of Selected Drugs on the Signs of 
Intoxication Exhibited by Calves In Calf Experiment 2 
Time Drug Given 
(Hours After Observed Effect 
Calf First Dose Drug and on the Signs 
Number of Toxin) Dosage of Intoxication 
56 
75 
78 
Atropine 
0.44 mg./kg. 
Atropine 
0.88 mg./kg. 
Chlorpro-
mazine 
0.6 mg./kg. 
None 
None 
Eliminated Tremor 
and Extensor 
Rigidity 
82 Chlorpro-
mazine 
0.52 mg./kg. 
Markedly Dimin­
ished Tremor and 
Extensor Rigidity 
55 Chiorpro­
mazine 
1.1 mg./kg. 
Eliminated Tremor 
and Extensor 
Rigidity 
Fig, 10 The ESG of a normal rabbit. The synchronous 
pattern of the resting state Is changed to the 
desynchronlzed pattern of the alert state following 
stimulation, i.e., noise (arrow). The leads for 
this and all subsequent figures are coded as follows: 
LN = lenticular nucleus, BOA = basal olfactory area, 
LAC = left anterior cortex, RAC = right anterior 
cortex, LPG = left posterior cortex, RFC = right 
posterior cortex, LH = left hippocampus, and RH = 
right hippocampus. 
Fig, 11 The EEG of a rabbit at the time of the first 
appearance of tremor 5 minutes after the I.V. injection 
of a single dose of treraortln A (4l,6 ^g,/kg,). There 
was a desynchronlzed pattern with LVFA in the cortical 
leads and a theta rhythm in the hippocampus. See the 
legend of Figure 10 for the code for the ESG leads. 
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hippocampus (Fig, 11)• This EEG arousal pattern was Inten­
sified as a moderate to marked contlnous tremor developed 
(Fig, 12). Tonic extension and clonous became apparent and 
the rabbits appeared to be convulsing. During the convulsive 
episodes there was a paroxysmal theta rhythm in the anterior 
cortical leads and a repetitive spike activity was super-
Imposed on a hippocampal theta rhythm (Fig. 13). Classical 
EEG convulsive patterns of grand mal type were not observed. 
The doses of tremortin given the 4 rabbits used for EEG 
studies are shown in Table 15» 
Pathologic Findings 
Gross changes were observed only in the calves of Calf 
Experiments 1 and 3* Subepicardial and subendocardial 
petchiae and ecchymoses were present in 3 of the 4 calves in 
these 2 experiments. A mild diffuse peritonitis and hemor­
rhages in the adrenal gland were found in Calf 55 (Calf Ex­
periment l). The liver of Calf 6 (Calf Experiment 3) was 
pale tan and friable. 
No other gross alterations were found in any organs 
of the mice, rats, rabbits, or calves. 
Fig. 12 The EEG of a rabbit with marked continuous 
tremor 20 minutes after the I.V, Injection of a single 
dose of tremortln A (4l,6 jug./kg.). The EEG arousal 
pattern was Intensified, See the legend of Figure 10 
for the code for the EEG leads. 
Fig, 13 The EEG of a rabbit during a convulsive 
episode after 3 I.V. Injections of tremortln A 
(cumulative dose 124.8 yUg./kg.). There was a 
paroxysmal rhythm In the anterior cortical leads, 
(RAC-BOA) and repetitive spike activity was super­
imposed on a hlppocampal theta rhythm (LPC-LH and 
RPC-RH). See the legend of Figure 10 for the code 
for the EEG leads. 
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TABLE 15 Dose Schedule of Intravenously Injected Tremortin 
A for Rabbits Used for Electroencepholograph Recordings 
Time after Last In- Dose of Tremortln 
Rabbit jectlon of Tremortln A Wg./kg. of 
Number A (minutes) Body Weight) 
1 0 14.3 
80 7.2 
2 0 41.6 
35 41.6 
42 41.6 
61 41.6 
17 41.6 
12 62.5 
3 0 83.4 
60 167.0 
55 167.0* 
4 0 66.0 
48 66.0 
*Dled 37 minutes after last dose. 
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Histopathologic and Electron Microscopic Findings 
A variable degree of fatty change was found in the liv­
ers of rats given tremortin A. This appeared as numerous 
small cytoplasmic vacuoles in hematoxylin and eosin stained 
sections. The material in these vacuoles was stained with 
the Oil-Hed-0 stain. This accumulation of fat was more prom­
inent in rats killed 24 hours after the injection of the tox­
in than in those killed at 48 hours. The cells with this ac­
cumulation of fat had a perilobular distribution (Fig. l4). 
A diffuse vacuolation of hepatocytes was present in sec­
tions of liver from calf 6 (Calf Experiment 3) and Calf 56 
(Calf Experiment 1), This appeared primarily as single 
large vacuoles (Fig. 15)• The material in these vacuoles 
was stained with Oll-Red-0 In sections from the liver of 
Calf 6 but not in sections of liver from Calf 56. 
Microscopic changes were not found in sections of brain 
or spinal cord in the mice, rats, rabbits, or calves. 
The ultrastructural characteristics of both the g-rey and 
white matter of the spinal cord were satisfactorily preserved 
by the perfusion technique employed. The usual neuronal fea­
tures described by other workers were observed. The nuclei 
of these cells contained small dark clumps of chromatin and 
when included in the plane of sectioning a single electron 
dense nucleolus (Fig. l6). Ribosomes were present through-
Pig, l4 A section of liver from a rat killed 
24 hours after the I.P. injection of tremortin 
A (3.98 mg./kg.). Fat accumulation is more 
prominent around the portal triad (arrow) than 
around the central vein (V), Oil-Red-0 stain. 
X 375 
Pig. 15 A section of liver from Calf 6 killed 
34 hours after a single oral dose of dried 
ground mycelium of P. puberulum (7.4 Gra./kg.). 
There is a diffuse vacuolation of hepatocytes, 
H & E stain, x 375 

Pig. 16 An electron micrograph of a motoneuron 
in the spinal cord of a control rat. The nucleus 
(N) contains small dark clumps of chromatin. 
Numerous ribosomes are in the cell both as 
polyribosomes and associated with endoplasmic 
reticulum (arrow). Mitochondria (M) are present 
in the cytoplasm. A portion of the golgi apparatus 
also is present (double arrow). A capillary (C) is 
adjacent to the neuron. This capillary appears 
empty and dilated as a result of fixation by 
glutaraldehyde perfusion x 9,100» 
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out the cytoplasm both as polyribosomes and associated with 
the endoplasmic reticulum. Also present were golgi complex­
es, mitochondria and iark osmophlllc bodies. Synaptic boutons 
were present on cell surfaces. There was good apposition of 
cell membranes with little or no extracellular space ob­
served. . Capillaries were empty and appeared dilated. 
The principal ultrastructural alterations observed In 
rats given tremortln were cytoplasmic rarefaction and the 
presence of membrane bound vacuoles (Fig. 17 and 18). The 
vacuoles varied In size with the largest measuring approxi­
mately 2.7 The vacuoles appeared to arise as a dilation 
of the golgl apparatus (Pig. 19)• 
These neuronal changes were present In 50 to 70^ of the 
neurons examined In 2 rats killed 24 hours P.I. and In 10^ 
of the neurons of a third rat killed at 24 hours P.I. A 
minimal amount of vacuolatlon was found In 15^ of the neurons 
of 2 rats killed at 48 hours P.I. 
Alterations were not detected In myelinated neuronal 
processes or synaptic boutons (Pig. l8 and 19). 
Fig. 17 An electron micrograph of a motoneuron 
In the spinal cord of a rat killed 24 hours after 
the I.P. Injection of tremortln A (2.51 rag./kg.). 
A large vacuole (V) Is present and there Is 
cytoplasmic rarefaction (arrow), x 9,100. 
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Fig. 18 A portion of the motoneuron shown in 
Figure 17. The large vacuole (V) is 2.7 )x in 
diameter. Cytoplasmic rarefaction is present 
(arrow). The myelinated neuronal processes 
(double arrow) adjacent to the neuron appear 
normal, x 18,600. 
99 
Fig, 19 A portion of a motoneuron in the spinal 
cord of another rat killed 24 hours after the I.P, 
injection of treraortin A (2,51 mg./kg.). Numerous 
vacuoles (V) are present in the cytoplasm. One of 
these appears to originate (arrow) from the golgi 
apparatus, x 16,700, 
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DISCUSSION 
The initial emphasis of this study was to determine 
whether neurologically active mycotoxins were present In the 
feed of cattle affected by polioencephalomalacia. Feed 
samples collected on farms where the disease occurred and 
rice cultures of the fungi isolated from them were examined 
for toxicity. 
Substantial differences between species and between 
routes of administration were noted when silage extracts 
and rice culture extracts were administered to laboratory 
animals. Extracts of all silage samples and many of the 
rice cultures killed mice when injected intraperitoneally 
whereas no ducklings died after oral administration of the 
silage extracts and only 2 of the rice cultures killed duck­
lings, These results might be interpreted to indicate that 
ducklings were not susceptible to the toxic extracts; how­
ever, a more probable explanation is that the intraperitoneal 
administration of raw feed extracts is too sensitive a test 
for reliable interpretation. From extensive experience in 
our laboratory with feed extracts of other origins it has 
been determined that the response to oral administration is 
a more reliable indication of a toxic fungal metabolite 
than is the intraperitoneal route. Thus oral dosing is 
recommended for the Initial bioassay of feed samples 
suspected of harbouring mycotoxins. 
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An isolate of P. puberulum, which produced a treraor-
genic toxin, was found during the initial screening. This 
toxin became the subject of further study because of its 
neurologic effects and because of reports (9, ^ 9) suggesting 
the association of a tremorgenic mycotoxin from Pénicil­
lium spp. with disease in domestic animals. The major por­
tion of the present study was devoted to identifying the 
toxin and to characterizing its biological effects through 
the alterations In the levels of various plasma constituents 
and the morphologic changes in animals as a result of the 
intoxication. 
Since a tremorgenic mycotoxin had been described from 
other Pénicillium spp. It was necessary to establish if our 
toxin was a different mycotoxin. Crude precipitated toxin 
(CPT) prepared from extracts of our Isolate of P. puberulum 
was compared chromatographlcally with a purified tremorgen 
isolated independently by Clegler (9). This comparison in­
dicated that the toxins were very similar if not Identical. 
The specific tremorgenic compound was isolated from our CPT 
and examined more critically. It was found to be identical 
with tremortin A recently described by Hou et si, (23) and 
Wilson (46). 
The signs of intoxication in laboratory animals in this 
study were very similar to those that had been reported by 
Wilson (46). The signs of intoxication in calves had not 
previously been reported but were found to be similar to 
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those observed in laboratory animals. A marked tremor and 
muscular rigidity were present approximately 3 hours after 
a single large dose of toxic material. Ataxia appeared at 
this time. The ataxia probably was the result of the tremor 
and muscular rigidity rather than another mechanism; e.g., 
a cerebellar lesion. 
Little information was available concerning the clinical 
pathologic changes associated with tremortin intoxication. 
Alterations in the levels of various plasma constituents were 
followed in this study in an attempt to determine mechanisms 
of action of the toxin. The changes observed in the levels 
of various plasma constituents associated with carbohydrate 
metabolism could be explained by the effect of anaerobic 
glycolysis in skeletal muscle as an energy source during 
extreme muscular activity and by the release of catechol­
amines. 
A shift from aerobic glycolysis to anaerobic glycolysis 
occurs in muscle during exercise or periods of oxygen deficit. 
As a result of this shift lactic and pyruvic acids accumulate 
in the muscle and these are freely diffusible across the cell 
membrane. Small elevations in plasma levels of lactic and 
pyruvic acids were present 2 hours after dosing in calves 
given a single large dose of toxic material. Substantial 
increments in the levels of these coir;ponents were present 
at 4 hours coincident with the development of a marked 
tremor. When calves were given gradually increasing daily 
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doses of toxic material little if any change occurred in the 
levels of pyruvic and lactic acids on day 2 when only mild 
tremor was present. Substantial increments in the levels of 
these constituents occurred on day 3 when a marked tremor 
was present. 
The catecholamines are among the various factors that 
influence blood glucose levels. The catecholamines have a 
hyperglycemic effect mediated in part by a stimulation of 
hepatic glycogenolysis. There is a stimulation of adenyl 
cyclase in hepatic cell membranes resulting in an intracell­
ular increase in adenosine 3', 5' -monophosphate (cyclic 
AMP), Cyclic AMP initiates a series of reactions within 
hepatocytes that decreases glycogen synthetase activity and 
Increases phosphorylase activity. The net result of these 
reactions is a mobilization of liver glycogen and an in­
crease in blood glucose. The catecholamines also act to 
reduce the levels of cyclic AMP in beta cells of the pan­
creas inhibiting the release of insulin in response to the 
elevated blood elucose (33). 
An 8 to 9 fold Increase in plasma catecholamine levels 
was found in calves given a single large dose of toxic mater­
ial. This was paralleled by a marked Increase in plasma lev­
els of glucose. The proximate cause of the release of cate­
cholamines is not- known. This rAlAARA nnnl (1 have hPRn the re­
sult of: (1) a central stimulation of sympathetic nerves, (2) 
a direct stimulation of the adrenal medulla by the toxin, or 
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(3) a non-specific response of an excited animal, i.e., a 
situation analogous to the flight or fight phenomenon. 
Increases in the plasma levels of enzymes are generally 
associated with necrosis of tissues; however, a leakage of 
enzymes from muscle has been associated with muscular ac­
tivity (8, 4l). Relative local hypoglycemia and hypoxia of 
muscles occur during physical activity and an efflux of 
enzymes from muscle cells has been found invitro under such 
conditions (4l). Increases in serum levels of GPK have been 
found in horses after performing a standard exercise test (8). 
On the first day of training GPK levels increased from 4 to 
22 lU/L,; after 15 days of training an Increase from 1 to 6 
lU/L. was observed. 
In the present study the increase in plasma levels of 
GPK, LDH, GOT, and GPT in calves was probably caused by the 
marked muscular activity induced by the intoxication. The 
absence of alterations in muscles of intoxicated rats and 
calves, as determined by gross examination and light micros­
copy, would support this conclusion. A direct effect of the 
toxin on the muscle increasing the permeability of the cell 
membrane, however, cannot be excluded. 
The production of tremor did not appear to involve an 
anticholinesterase activity of the toxin or an alteration of 
electrolytes ascociated with neuromuscular function^ Sig­
nificant changes in levels of erythrocyte cholinesterase 
activity were not found. Calcium, magnesium, and potassium 
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levais did not change significantly in calves dosed daily; 
however, a marked Increment in potassium levels occurred in 
calves given a single large dose of toxic material; In the 
normal individual more than 90^ of the body potassium is in 
the intracellular fluid (39). The Increase in plasma levels 
of potassium probably was caused by a leakage of the elec­
trolyte from muscle as a result of the marked activity. 
The rapidity of the onset of tremor in the 2 experiments 
(3 days as opposed to 4 hours) would explain the difference 
in the levels of potassium. The more pronounced elevations 
of enzyme levels in the calves given a single large dose of 
toxic material would support this conclusion. 
Patty change in the liver was the only alteration ob­
served in tremortln intoxicated animals by light microscopy. 
A hepatotoxlc action for tremortln A has been suggested by 
Hayes and Wilson (21) based on the findings of a depletion 
of liver glycogen and an Increase in lipid content of the 
liver. Although an Interference with hepatic cell metabolism 
cannot be eliminated, the fatty changes could be explained 
by another mechanism. Catecholamines and other hormones 
stimulate llpolysis in adipose tissue bringing about a 
mobilization of free fatty acids that are utilized by the 
liver In gluconeogenesls. The augmenting effect of hormones 
on lipid mobilization from depots suggests that most clinical 
cases of fatty liver arise from excessively rapid mobll-
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Izatlon of depot lipid (45), 
Morphologic evidence of renal damage was not observed 
in rats, rabbits, or calves in the present investigation. 
Wilson (46) has reported a diuresis in intoxicated rats with 
large amounts of glucose and electrolytes in the urine and 
has suggested a nephrotoxic action for tremortin A. He also 
noted that blood glucose levels were elevated in those cases 
where urinary excretion of glucose occurred, Wilson's 
findings do not necessarily require a nephrotoxic action 
by the toxin; it is possible that the elevated blood glucose 
levels exceeded the renal threshold for glucose and that 
the resulting glucosuria produced an osmotic diuresis. 
The latter explanation is more consistent with the absence 
of renal lesions in animals in this study. 
A study of possible ultrastructural alterations was 
conducted since changes had not been found in the central 
nervous system of intoxicated animals by light microscopy. 
Because of the size of the central nervous system, even in 
laboratory animals, and the attendant sampling problems 
involved when obtaining tissues for electron microscopy it 
was necessary to conduct certain pharmacological and electro­
physiological studies to determine the site of action of the 
toxin. 
The results of the various experiments conducted in this 
study indicated that tremortin A acts at the level of the 
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spinal cord. The most suggestive of these studies was the 
inhlbltllon of the tremor by mephenesln. This compound has 
been described as a polysynaptic blocking agent (l6); further­
more the fewer the synaptic units In a reflex arc the less 
susceptible the reflex Is to the action of the drug. Thus, 
the high doses required to inhibit tremor indicated an action 
of the toxin at the spinal level. The results of the EEG 
studies supported the eoncluslon that tremortin A acts at 
the level of the spinal cord. The EEG patterns recorded 
from various areas of the brain were not typical of a con­
vulsive episode even though the animals appeared to be 
convulsing when severely intoxicated. 
The report by Stem (38), which became available after 
our studies were completed, confirmed and amplified our 
findings. He found that glycine, gamma amlno-butyrlc acid, 
mepheneslne, and diazepam, all of which act on spinal inter-
neurons, inhibited the tremor. In addition, the direct 
injection of tremortin Into the basal ganglia did not pro­
duce tremor. 
Definite ultrastructural alterations were present in 
spinal motoneurons of rats In the present study. The vac-
uolatlons observed should probably be Interpreted as a non­
specific response of the cell to a noxious substance rather 
than S2 a specific action of the toxin on certain cell 
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organelles. Similar changes have besen observed with other 
intoxications. Yates and Yates have described disruption of 
nissl substance and vacuolation of the endoplasmic reticulum 
in both strychnine (52) and tetanus (53) intoxications. They 
concluded that the morphological changes observed could be 
attributed to the response of the to an increased pro­
tein synthetic activity following bh# release of the cell 
from normal inhibitory Influences. ïhese findings are 
relevant to our study since both these toxins act at the 
level of the spinal cord and probabUy by interfering with the 
normal inhibitory actions of the spinal Interneurons. 
The results of this Investi gat rioii have shown that 
treTiortin A causes a neurological d:Is ease distinct from polio 
encephalomalacia. As a result of tB&se studies and the work 
of other investigators It is proposai that treraortln A acts 
primarily by interfering with norma" 1 inhibitory mechanisms 
at the level of the spinal cord so that there is an uncon­
trolled firing of motoneurons. A peripheral action at the 
neuromuscular junction has also bee:n suggested. The bio­
chemical changes observed in this s;tudy are probably a sec­
ondary effect rather than a primar^^ action of the toxin 
and can be explained on this basis although primary effects 
of the toxin on liver and kidney cesll function and muscle 
ccll r.embrnr.e permeability cannot "be Thm ultra-
structural alterations appear to be a non-specific response 
I l l  
of the cell and the specific action of the toxin Is 
apparently the production of a reversible biochemical 
lesion. 
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SUMMARY 
The initial emphasis of this study was to determine 
whether neurologically active mycotoxins were present in the 
feed of cattle affected by polioencephalomalacia (PEM). An 
isolate of Pénicillium puberulum, which produced a treraor-
genic toxin, was obtained from 1 of 4 samples of feed collec­
ted on 4 Iowa farms where PEM occurred. The major portion 
of this study was devoted to identifying the toxin and to 
characterizing its biological effects through the alterations 
in the levels of various plasma constituents and the morpho­
logic changes in animals as a result of the intoxication. 
The toxin was Identical to treraortin A previously de­
scribed and appeared to be the only toxic component in diethyl 
ether or chloroform extracts of the mycelium of our isolate 
of P, puberulum « 
Dally oral dosing of calves with dried mycelium elici­
ted tremor, muscular rigidity, and ataxia. After 3 days 
(cumulative dose 7.4 Gm./kg.) calves were down with tremor, 
opisthotonus and tonic clonic convulsions. A single dose of 
7.4 Gm./kg. produced marked signs In 4 hours. 
Elevations of plasma levels of pyruvic and lactic acids 
occurred in all calves coincident with the development of 
marked tremor suggesting that the increases resulted from a 
shift to anaerobic glycolysis associated with marked muscular 
activity. Elevations in glucose levels paralleled increments 
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In levels of catecholamines. Plasma levels of creatine phos-
phokinase, lactic dehydrogenase, and glutamic oxalacetic and 
pyruvic transaminases increased in all calves apparently asso­
ciated with increasing severity of tremor. The absence of 
gross or histologic evidence of muscle damage supports the 
conclusion that the leakage of these enzymes from muscle was 
the result of marked muscular activity. 
Plasma levels of calcium, magnesium, and potassium did 
not change significantly in calves dosed daily while potas­
sium levels rose markedly in calves given .a single large dose 
of toxic material. 
The tremor induced by tremortin A was insensitive to 
anticholinergic drugs and adrenergic blocking agents but was 
blocked by mephenesin and chlorpromazine. Electroencephalo-
graphic recordings from various areas of the brain of in­
toxicated rabbits were not Indicative of convulsive activity 
at that level. The toxin is believed to act at the level of 
the spinal cord. 
Gross pathologic changes were not observed in intoxicated 
animals. The only histologic alteration was an accumulation 
of fat in the liver. Vacuolation and cytoplasmic rarefaction 
were seen by electronmicroscopy in motoneurons in the spinal 
cord of intoxicated rats. Ultrastructural changes were not 
present in myeli^ p.ted nAnrnnAl processes or synaptic boutons 
I l 4  
In the same preparations. 
In conclusion, the changes observed in the levels of 
the various plasma constituents in the calves in the study 
and the accumulation of fat in the livers of affected 
animals were interpreted as a secondary effect of the intox­
ication and were explained on this basis, A primary effect 
of the toxin on hepatic cell metabolism and the permeability 
of the membranes of the muscle cells, however, could not 
be excluded. 
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APPENDIX 
Table i6 Values of Selected Plasma Constituents of Calf 
Number 2 Given Daily Doses of Mycelium of P. puberulum* 
Hours 
After Pyruvic Lactic 
First Glucose Acid Acid 
Dose (mg/100 ml) (mg/100 ml) (mg/100 ml) 
Control 85.5** 1.11 9.9 
Period (80.3-88.2) (0.98-1.28) (7.0-14.1) 
2 79.0 1.30 12.5 
4 81.5 1.10 9.7 
6 80.5 .93 7.5 
8 87.0 1.00 6.2 
12 80.0 1.00 6.5 
24 72.0 1.00 7.2 
26 68,5 1.63 11.0 
28 82.0 1.30 10.0 
30 74.0 1.12 9.2 
32 73.0 1.52 7.6 
36 75.5 1.50 8.2 
48 68,0 1.40 7.0 
50 74.0 1.60 14.8 
52 74.5 1.30 8.5 
54 107.0 4.13 56.5 
60 92.0 3.55 18.8 
72 165.6 1.90 9.0 
76 126.6 7.80 80.0 
78 193.5 5.70 53.5 
80 160.0 1.75 16.5 
82 104.5 1.70 8.0 
96 57.7 1.45 8.4 
120 59.4 1.30 7.8 
l44 54.0 1.02 6.3 
168 46.2 1.10 5.4 
192 48.7 1.30 7.5 
•Dosing Schedule given in Table 2 on page 29. **Mean value 
of samples with minimum and maximum values in parentheses. 
/ND means no data, sample lost. 
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Glutamic Glutamic 
Lactic Pyruvic Oxalacetic Creatine 
Dehydrogenase Transaminase Transaminase Phosphokins se 
(I.U.) (I.U.) (I.U.) (I.U.) 
298 13.0 65.6 0.084 
(280-322) (12.0-14.6) (59.5-72.5) (0.060-0.145) 
283 12.2 66.0 0.101 
283 12.2 65.0 0.095 
300 12.2 66.5 0.096 
308 13.0 66.5 O.O87 
297 13.0 65.5 0.077 
290 13.5 67.5 0.075 
307 19.5 79.0 0.083 
340 18.6 81.0 0.119 
320 19.3 81.5 0.123 
300 18,0 80.5 my 
315 18.0 76.5 0.200 
313 21.0 75.7 0.698 
330 19.5 79.5 0.285 
310 17.0 78.0 0.126 
334 25.0 84.0 0.171 
330 28.0 91.0 0.166 
360 25.8 78.0 0.166 
366 74.0 78.0 0.215 
490 48.9 85.5 0.666 
370 26.0 87.0 0.765 
560 26.0 88.0 0.690 
400 24.6 87.5 0.273 
357 24.3 78.5 0.246 
325 19.5 80.0 0.178 
365 17.7 77.0 0.182 
303 14.5 70.0 0.153 
TABLE 17 Values of Selected Plasma Constituents of Calf 
Number 3 Given Dally Doses of Mycelium of P. puberulum* 
Hours 
After Pyruvic Lactic 
First Glucose Acid Acid 
Dose (mg/100 ml) (rag/ 100 ml) (mg/100 ml) 
Control 106.5** 1.17 10.7 
Period (101,0-113.0) (.90-1.33) (8.0-13.5) 
2 99.0 1.30 11.5 
4 90.2 1.20 9.3 
6 87.0 1.10 8.5 
8 101.5 0 .90 6.3 
12 90.5 0.96 8.0 
24 88.6 0 .81 . 8.3 
26 78.0 1.60 9.5 
28 75.0 1.50 11.6 
30 75.0 1.20 8.4 
32 78.0 1.40 8.7 
36 79.0 1.50 9.6 
48 70.0 1.30 10.5 
50 74.5 1.63 12.8 
52 72.7 1.53 12.3 
54 73.5 1.80 14.8 
60 71.5 1.60 10.7 
72 71.0 1.70 10.9 
76 140.0 6.25 121.0 
78 87.6 1.95 15.9 
80 103.0 1.55 14.2 
82 136.0 1.80 14.5 
96 150.0 4.65 34.3 
120 96.0 2.60 21.5 
144 98.0 1.90 19.2 
168 86.3 1.05 13.7 
192 84.0 1.05 9.6 
*Dosing Schedule given in Table 2 on page 29. ** Mean value 
of k samples with minimum and maximum values in parentheses. 
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Glutamic Glutamic 
Lactic Pyruvic Oxalacetic Creatine 
Dehydrogenase Transaminase Transaminase Phosrhokinase 
(I.U.) (I.U.) (I.U.) (I.U.) 
290 16.5 62.0 0.070 
(276-312) (15.5-18.0) (59.0-63.5) (0.063-0.073) 
297 15.3 63.5 0.071 
274 17.3 64,5 0.087 
280 14.3 63.0 0.087 
255 15.9 64.0 0.075 
250 16.3 65.0 0.071 
252 18.6 70.0 0.083 
280 38.0 76.0 0.690 
283 23.1 76.0 0.928 
295 25.0 74.0 0.303 
315 25.0 76.0 0.107 
295 26.0 76.0 0.089 
330 27.5 79.5 0.111 
291 26.9 76.5 0.115 
500 26.0 77.0 0.952 
327 26.0 77.5 0.107 
333 25.0 77.5 0.095 
560 46.2 93.5 2.142 
335 60.5 71.0 0.269 
345 27.3 72.5 0.285 
340 24.8 75.0 0.257 
318 26.8 74.0 0.214 
360 35.0 75.0 0.126 
316 32.0 72.5 0.134 
309 28.2 65.0 0.092 
270 24.4 70.5 0.126 
280 25.5 74.5 0.142 
TABLE 18 Values of Selected Plasma Constituents of Calf 
Number 4 Given Daily Doses of Mycelium of P. puberulum* 
Hours 
After Pyruvic Lactic 
First Glucose Acid Acid 
Dose (mg/100 ml) (mg/100 ml) (rag/100 ml) 
Control 79.0** l.l4 9.15 
Period (74.0-81.5) (1.00-1.25) (7.0-11.0) 
2 68,5 1.05 6.3 
4 68.5 0.90 5.5 
6 75.2 1.00 5.3 
8 72.0 0.90 5.3 
12 79.0 1.35 10.5 
24 77.0 1.35 9.2 
26 74.5 1.93 12.9 
28 80.0 1.70 10.2 
30 85.5 1.81 14.7 
32 71.0 1.58 7.0 
36 70.0 1.68 11.4 
48 68.0 2.20 17.0 
50 83.0 3.16 38.8 
52 152.0 1.77 20.6 
54 119.0 2.75 28.0 
60 72.0 2.16 11.7 
72 69.0 1.23 7.4 
76 84.0 1.84 15.0 
78 85.0 1.90 26.0 
80 75.0 1.80 13.0 
82 72.5 1.70 15.5 
96 50.0 1.00 5.1 
120 46.2 0.70 3.9 
144 92.0 1.85 11.5 
168 68.0 1.12 7.5 
192 73.0 0
 
0
 
7.0 
•Dosing Schedule given in Table 2 on page 29» **Mean value 
of 4 samples with minimum and maximum valuer in parentheses. 
/ND means no data, sample lost. 
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Glutamic Glutamic 
Lactic Pyruvic Oxalacetic Creatine 
Dehydrogenase Transaminase Transaminase PhosDhokinase 
(I.U.) (I.U.) (I.U.) (Î.U.) 
256 12.1 57.0 0.062 
(223.0-293.0) (11.3-12.7) (54.5-58.5) (0.055-0.076) 
253 11.8 59.0 0.071 
253 11.5 59.0 0.056 
260 12.0 59.0 0.065 
240 12.3 57.5 0.064 
257 11.7 62.5 0.063 
287 12.0 63.5 0.066 
238 15.0 64.5 0.071 
250 15.0 64.5 0.084 
286 14.0 67.0 0.095 
270 13.4 64.5 0.079 
282 13.3 64.5 0.079 
300 16.3 72.5 0.190 
325 l6.4 80.0 0.269 
332 17.0 82.5 0.321 
350 20.5 89.5 0.523 
360 22.0 91.5 0.357 
333 22.2 100.0 0.222 
3^ 5 20.5 96.0 0.192 
346 25.7 95.0 0.208 
332 20.9 95.0 0.263 
330 21.5 92.5 0.24? 
350 21.0 91.5 0.182 
350 24.8 102.5 0.579 
560 62.3 255.0 ND/ 
410 42.3 200.0 0.150 
361 33.6 102.5 0.104 
TABLE 19-—Values of Selected Plasma Constituents of Calf 
Number 5 Given Daily Doses of Mycelium of P. puberulum* 
Hours 
After Pyruvic Lactic 
First Glucose Acid Acid 
Dose (mg/100 ml) (mg/100 ml) (rag/100 ml) 
Control 98.8** 1.21 9.2 
Period (85.0-123.0) (1.00-1,52) (7.3-11.5) 
2 87.0 1.05 6.5 
4 96.3 1.05 8.3 
6 88.5 1.00 5.6 
8 92.0 1.00 6.7 
12 87.0 1.25 10.2 
24 89.0 1.02 7.3 
26 69.0 1.70 10.6 
28 73.0 1.50 9.3 
30 70.5 1.15 7.7 
32 ND/ ND ND 
36 73.6 1.20 9.5 
48 68.0 1.50 8.7 
50 71.3 1.55 11.3 
52 73.3 1.30 9.5 
54 131.5 5.50 65.0 
60 97.0 4.30 40.5 
72 108.5 1.30 12.7 
76 114.0 2.63 18.7 
78 122.0 2.44 30.0 
80 107.0 1.65 12,6 
82 133.0 1.50 9.7 
96 87.0 1.40 16.3 
120 75.4 0.95 7.0 
144 92.8 1.97 14.8 
168 96.0 1.18 8.6 
192 86.0 1.10 9.0 
*Dosing Schedule given in Table 2 on page 29. **Mean value 
of 4 samples with minimum and maximum values in parentheses. 
/ND means no data, sample lost. 
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Glutamic Glutamic 
Lactic Pyruvic Oxalacetic Greatine 
Dehydrogenase Transaminase Transaminase Phosphokinase 
(I.U.) (I.U.) (I.U.) (i.u.) 
328 14.3 62.1 0.054 
(303-350) (12.5-16.5) (60.0-65.0) (0.048-0.065) 
355 15.0 67.0 0.052 
347 15.8 66.0 0.061 
320 15.8 68.0 0.050 
326 14.7 68.0 0.055 
420 14.5 70.0 0.047 
314 15.0 71.0 0.049 
360 16.5 69.0 0.075 
363 25.0 70.5 0.055 
360 15.0 - 70.0 0.055 
ND ND ND ND 
354 15.0 69.0 0.059 
332 22.9 71.2 0.071 
374 25.7 69.5 0.071 
370 24.3 70.5 0.087 
417 48.9 75.0 0.222 
526 40.2 84.0 0.261 
300 22.0 82.0 0.154 
765 52.3 210.0 3.888 
780 68.0 230.0 3.809 
850 63.5 245.0 4.563 
735 62.3 230.0 3.571 
586 119.0 245.0 2.301 
560 191.2 265.0 1.587 
490 183.0 255.0 0.648 
378 190.0 245.0 0.460 
502 148.5 215.0 0.208 
TABLE 20 Values of Selected Plasma Electrolytes of Calf 
Number 2 Given Dally Doses of Mycelium of P.., puberulum* 
Hours 
After 
First Sodium Potassium Chloride 
Dose (raEq/L) (mEq/L) (mSq/L) 
Control 146.5** 4.03 109.5 
Period (145.9-152.8) (3.80-4.30) (103.9-: 
2 144.2 3,75 103.2 
4 142.3 4.25 106.0 
6 142.3 4.10 109.0 
8 143.6 4.10 107.0 
12 142.5 3.97 106.0 
24 140.9 4.14 109.7 
26 149.3 3.90 104.0 
28 150.2 4.55 105.3 
30 142.4 4.66 105.2 
32 149.0 4.50 107.3 
36 14S.5 4.38 107.0 
48 134.8 4.30 100.4 
50 139.9 3.87 99.8 
52 149.5 4.64 104.5 
54 146.4 4.12 99.0 
60 150.5 3.28 102.6 
72 142.6 4.50 105.6 
76 142.9 4.38 100.7 
78 145.9 3.95 98.9 
80 143.6 3.20 102.5 
82 144.0 3.31 102.9 
96 143.7 4.38 105.0 
120 150.8 4.36 105.1 
144 139.1 3.85 100.3 
168 135.0 4.16 100.2 
192 141.0 4.15 103.9 
*Dosing Schedule given in Table 2 on page 29. **Mean value 
of 4 samples with minimum and maximum values in parentheses. 
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Calcium Phosphorous Magnesium 
(rag/lOO ml) (mg/lOO ml) (mg/lOO ml) 
10.41 8.66 2.49 
(9.92-10.71) (7.40-10.02) (2.10-2.76) 
10.09 8.93 2.30 
10.08 8.38 2.61 
9.71 8.44 2.57 
9.80 8.03 2.62 
9.95 8.01 2.65 
9.90 8.31 2.15 
12.09 7.30 2.10 
12.83 7.52 2.38 
12.90 7.10 2.27 
12.86 6.42 2.48 
13.50 6.48 2.61 
10.07 6.32 2.04 
9.91 6.29 2.27 
10.22 6.62 2.40 
10.05 5.66 2.18 
9.91 5.10 2.37 
10.29 6.13 3.12 
9.35 6.40 2.16 
9.52 5.17 1.97 
9.55 5.96 2.03 
9.86 5.40 2.11 
9.59 5.93 2.30 
10.30 5.71 2.80 
9.49 4.90 2.54 
9.82 4.26 2.29 
9.78 4.53 2.00 
TABLE 21 Values of Selected Plasma Electrolytes of Calf 
Number 3 Given Dally Doses of Mycelium of P. puberulum* 
Hours 
After 
First 
Dose 
Sodium 
(mEq/L) 
Potassium 
(mEq/L) 
Chloride 
(mEq/L) 
Control 141.2** 3.91 107.0 
Period (137.0-152.8) (3.60-4.14) (105.9-108.6) 
2 141.2 3.48 105.1 
4 140.4 3.71 106.1 
6 140.0 4.02 107.9 
8 137.5 3.56 109.2 
12 137.3 3.65 106.5 
24 135.6 3.43 106.6 
26 153.8 3.26 105.1 
28 153.2 3.78 102.9 
30 151.7 3.85 102.1 
32 152.5 4.12 106.9 
36 154.4 3.61 107.4 
48 150.3 4.04 105.3 
50 151.5 3.20 102.1 
52 151.1 3.47 103.6 
54 139.6 3.71 101.9 
60 146.6 4.00 105.1 
72 143.7 4.61 107.0 
76 138.4 4.04 104.6 
78 138.5 4.18 108.2 
80 139.4 3.64 108.9 
82 141.0 3.00 109.5 
96 138.3 4.10 110.8 
120 142.8 4.i4 111.1 
l44 136.6 5.02 108.1 
168 140.0 4.80 106.5 
192 137.9 4.52 108.7 
*Doslng Schedule given In Table 2 on page 29. **Mesn value 
of 4 samples with minimum and maximum values In parentheses. 
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Calcium 
(rag/100 ml) 
Phosphorous 
(mg/lOO ml) 
Magnesium 
(mg/100 ml) 
10.58 9.62 2.05 
(10.20-11.08) (8.80-10.30) (1.84-2.30) 
10.44 10.07 1.78 
10.83 9.13 2.35 
10.80 10.22 2.05 
9.99 9.10 2.17 
10.20 8.80 2.06 
10.04 8.52 1.88 
9.86 7.62 2.23 
10.16 6.70 2.28 
10.21 6.87 2.35 
10.56 6.46 2.28 
10.44 6.18 2.38 
11.33 6.42 2.37 
10.51 6.70 2.13 
10.61 6.29 2.25 
14.60 6.20 3.10 
12.00 6.00 2.65 
10.27 5.60 2.20 
11.12 7.95 2.50 
10.92 7.50 2.47 
10.21 8.10 2.32 
9.85 6.94 1.81 
10.30 7.66 2.06 
10.48 8.77 2.16 
11.00 9.00 2.02 
10.66 7.98 1.91 
10.41 9.10 2.00 
TABLE 22 Values of Selected Plasma Electrolytes of Calf 
Number 4 Given Dally Doses of Mycelium of ?. puberulum* 
Hours 
After 
First Sodium Potassium Chloride 
Dose (mEq/L) (mSq/L) (mEq/L) 
Control l4l.8** 4.16 110.8 
Period (137.7-147.5) (3.90-4.42) (107.5-114.0) 
2 123.0 3.69 95.2 
4 137.4 4.45 104.3 
6 144,5 4.15 100.6 
8 134.6 4.15 105.0 
12 139.3 3.90 104.2 
24 132.0 4.36 105.8 
26 146.6 4.21 103.1 
26 146.0 4.68 104.3 
30 144.5 4.40 102.5 
32 144.9 4.75 103.8 
36 150.4 4.50 108.4 
48 142.0 3.99 101.0 
50 149.1 4.38 102.8 
52 151.7 3.20 102.0 
54 152.2 3.60 103.2 
60 145.5 4.16 106.1 
72 143.3 3.93 112.0 
76 142.2 3.80 110.0 
78 142.5 3.91 107.8 
80 142.0 3.76 108.0 
82 143.5 4.06 107.8 
96 143.4 4,06 108.2 
120 139.5 3.73 104.0 
144 150.0 4,65 110,0 
168 133.5 3.80 104,8 
192 140.2 3.79 105.5 
*Doslng Schedule given In Table 2 on page 29• **Mean value 
of 4 samples with minimum and maximum values In parentheses. 
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Calcium Phosphorous Magnesium 
(mg/100 ml) (mg/100 ml) (mg/lOO ml) 
10.45 8.49 2.02 
(10.15-10.70) (8.31-8.70) (1.93-2.09 
10.31 7.40 2.15 
10.75 7.72 2.36 
10.13 7.55 2.21 
10.59 8.34 2.23 
10.70 8.30 2.09 
10.70 7.36 1.93 
10.94 6.12 2.30 
10.94 5.68 2.25 
11.00 5.41 2.27 
10.50 5.20 2.34 
10.69 5.07 2.42 
10.92 5.92 1.83 
10.85 7.55 2.33 
10.53 6.66 2.30 
10.61 6.80 2.37 
10.25 5.50 2.69 
9.63 8.21 2.02 
9.25 8.85 1.92 
9.30 8.41 2.02 
8.80 7.09 1.84 
9.04 7.34 2.10 
9.25 9.15 1.94 
8.82 9.10 1.7s 
9.96 8.53 3.05 
8.89 7.00 2.38 
9.25 6.71 2.04 
TABLE 23- Values of Selected Plasma Electrolytes of Calf 
Number 5 Given Dally Doses of Mycelium of P. puberulum* 
Hours 
After 
First Sodium Potassium Chloride 
Dose (mSq,/L.) (mSq./L.) (mEq./L/) 
C ont roi 142.6** 3.86 108.2 
Period (135.3-147.9) (3.09-4.25) (104.5-112.5) 
2 139.7 4.16 106.4 
4 141.2 4.50 107.0 
6 138.8 4.12 100.7 
8 129.5 4.07 108.8 
12 l4l.O 3.70 104.0 
24 136.4 4.05 107.9 
26 134.5 3.40 96.2 
28 134.6 4.00 95.5 
30 142.0 4.15 100.6 
32 MD/ ND ND 
36 142.8 3.98 105.7 
48 125.2 3.88 95.5 
50 130.2 3.38 97.0 
52 139.0 3.91 101.0 
54 140.0 4.45 101.0 
60 143.2 3.90 98.6 
72 139.1 3.84 106.2 
76 l4l.O 4.34 107.3 
78 143,0 4.84 111.9 
80 141.6 5.00 109.5 
82 141.6 3.80 107.3 
96 l4l.4 5.55 114.5 
120 146.7 4.30 112.0 
l44 142.3 3.97 108.0 
168 144.2 4.28 109.2 
192 141.0 4.12 106.1 
*Bosin£ Schedule given In Table 2 on page 29 • **Kean value 
of 4 samples with minimum and maximum values In parentheses. 
/ND means no data, sample lost. 
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Calcium 
(mg/lOO ml) 
Phosphorous 
(mg/100 ml) 
Magnesium 
(mg/100 ml) 
10.36 8.58 2.43 
(9.93-10.93) (8.25-8.86) (1.77-2.08) 
10.39 8.51 1.97 
10.02 8.38 2.05 
10.51 7.71 2.00 
10.48 8.47 2.25 
10.75 7.94 2.08 
10.49 8.52 2.10 
10.58 8.07 2.35 
10.62 8.38 2.47 
10.01 8.65 2.43 
ND ND ND 
10.20 7.39 2.44 
10.80 6.91 2.46 
10.82 6.94 2.52 
10.94 7.80 2.47 
10.90 5.76 2.69 
10.67 6.90 2.68 
9.78 8.30 2.86 
9.46 7.85 2.00 
9.59 7.10 2.07 
9.29 6.95 2.06 
9.25 7.43 1.96 
9.67 8.22 2.02 
9.69 7.25 1.97 
9.40 7.93 1.80 
9.90 7.02 1.79 
10.15 8.08 1.82 
